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TRANSLATOR 
_ To the Reader. 


FF when I had finiſhed my 
Tranſlation of this firlt 
vedtion of the Elements of 
Philoſophy, I had preſent- 
ly committed the ſame to 
111 the Preſs , it might have 
IDSA? AD) come toyour hands ſooner 
IN then now it doth. Butas [I 
undertook it with much difhdence of my own 
ability to perform it well ; fo I thought fit 
2 before I publiſhed it ', to pray Mr. Hobbes 
to view , corre& and qrder it according to 
his own minde and pleaſure, W herefore, 
though you find ſome places enlarged, others al- 
tered , and two Chapters (the 18th and 2oth) 
almoſt wholly changed , you may nevertheleſs 
2 remain aflured , that as now I preſent it to you, 
/ a 3 it 
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I corrnor at lf vary from the Authours own 

ſenſe and meaning, As for the ſix Leſſons to the 
| Savilian Profeſſors at Oxford , they are not of 
my tranſlation., but were written, as here you 
have them in Engliſh, by Mr, Hobbes himlelf; 
and are joyned to this Book , becauſe they are 
chiefly in defence of the ſame. 
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TO.THE » + SIR 
RIGHT HONORABLE, 


My moſt Honored LORD, 


WILLIAM 


Farl of Devonſhire: 


His firſt Setfion of the Elements 

Per of Philoſophy, tbe Monument 

4 WP| of my Service, your, Lordſhips 
| ] re though ( oftor the Os 
| Section publiſhed }long deferred, 
— et at laſt finſbed, | now preſet 
(my moſt Excellent Lord) and dedicate to your 
Loxdſhip. Alittle Book but full ; and great enough, 
if men count well for great ; and 10 an attentive 
Reader verſed in toe Demonſtrations of Mathema- 
ticians that is, to your Lordſhip CO eaſy to un- 
derſtand;ard almoſt new throngb itbout any of=- 
fenſiue Novelty. 1 know that that part of Philoſo- 
phy wherein are conſidered Lines and Figures, bas, 


been delivered to us notably improved by the Anci- 
ents 


as * 
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The Epiſtle 
ents ; and withall a moſt perfeF pattern of the Lo- 
gique by which they were enabled to finde ont and 
demonſlrate ſuch excellent T beoremes as they have 
done. I know alſo that the Hypotheſis of the Earths 
Diurnal Motion was the invention of the Anci- 
ents ; but that both it, and Aſtronomy (that is, Cee- 
leftial Phyſzques) ſpringing up together with it, 
were by ſucceeding Philoſophers ſlrangled with the 


ſnares of Words. Aud therefore the beginning of 


Aſtronomy (except Obſervations ) I think is not to 
be derived from fartber time then from Nicolaus 
Copernicus;wboin the Age next preceding the pre- 


ſent, revived tbe opinion of Pythagoras, Ariſtar- 


chus &» Philolaus. After bim,the Dofrine of the 
CM otion of the Earth being ow received, ©» a 
difficult Queſtion thereupon ariſing concerning the 
Deſcent of Heavy Bodies , Galilzus in our time 


firiving with that difficulty, was the firſt that ope - 


ned tos the atural Philoſopby Univerſal, 
which is +2408; of the Nature of Motion. 


So that neither can the Age of Natural Philoſophy 
be reckoned bigher then to him. Lafily, the Science 
of Mans Body, the moſt profitable part of Natu- 


ral 


Dedicatory. 

ral _ _ SPIE _ admirable ſa- 

acity by our Conmryman Dior principal 
Phyſician to ur James and King Charles in 
bis Books of the Motion of the Blood and of the 
Generation of Living Creatures;who is the onely 
man I know, that conquering envy, bath eftabliſhed 
a new Dofrine in bc life time. Before theſe, there 
was nothing certain in Natural Philoſophy but every 
mans Experiments to bimſelf, aud the Natural Hi- 
tories , if they may be called certain , that are no 
certainer then Civil Hiſtories. But ſince theſe, A- 
fironomy &-Natural Philoſophy in general have for = 
ſolittle time been extraordinarily advanced by jo 
annes Keplerus, Petrus Gafſendus,&- Marinus 
Merſennus; &* the Science of Humane Bodies in 
ſpecial by the wit &- induſtry of Phyſicians (be 
onely true Natural Philoſophers ) eſpecially of our 
moſt Learned Men of the Colledge of Phyſacians in 
Lordon. Natural Philoſophy is therefore but 
yonrg ; but Civil Philoſopbyyet much younger , as 
being noolder (1 ſay it provoked,& that my Detra- 
Hors may know bow little they bave wrought upon 
me )then my own Book de Cive. But what? Were 
there no Philoſophc's Natural nor Civil among the 
B ane 
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| The Epiſtle 
ancient Greeks ? T here were men ſo called; Wit- 
neſs Lucian , by whom they are derided ; Wit. 
zeſs divers Cities, from which they have been 
often by publique Edi#s baniſhed. But it follows 
not that there was P hiloſupby. T bere walked in 
old Greece acertain Phantaſme , for ſuperficial 
gravity(though full within of fraud & filth ) a 
little like Phi ophr: which unwary men thinking 
zo be it ,adbered to the Profeſſors of it, ſome to one, 
ſome to another (though they diſagreed among 
tbemſelves) and with great Salary put their child- 
rento them to be taught , inſiea1 of Wiſdome, no- 

' - thing but to diſpute ; © negleFing the Laws , to 
determine every Queſtion. according to their 011 
fancies... T be firſt Doftors of the Church next the 
Apoſtles, bornin thoſe times , whileſt they endea- 
vored to: defend the Chriſtian Faith agatnft the 
Gentiles by Natural Reaſon , began alſo to make 
uſe of Philoſophy, ©» with the Decrees of Holy 
Scripture to mingle tbe Sentences of Heathen Phi- 
loſopbers; &- firſt ſome harmleſs ones of Platozbut 
afterwards alſo many fooliſh &+ falſe ones ont of the 
Phyfcks &+ Metapbyſicks of Ariſtotle ;&* bring- 
ing in the Enemies betrayed. unto them the Cittallel 
of Chriſtianity. From that time in flead of the Wor- 
{hip of G34, there ertred a thing called School-Dis 


| Dedicatory. oh 
vinity,walking on one foot firmly vbich « the H 

S ee alted efe feng rotten foot, avs 
the Apoſile Paul called V ain, & might bave called 
\ Pernicious Philoſophy; for it bath raiſed an infi- 
nite number of Controverfres in the Chriſtian World 
concerning Religion , &- from thoſe C ontroverſies 
Wars.[t is like that Empula intbe Athenian Co- 
mick Poet wbich was hes in Athens for 4 Gboſt 
that changed ſbapes,baving one brazen leg but the 
other was the leg of an Aſs,&- was ſent( as was be- 
lieved by Hecate,as a fogne of ſome approaching e- 
vil fortune. Againſt thxE mpula I think there can- 

notbe invented a better F xorciſme, then to difting- 
wiſh between the Rules of Religion , that is, the 

Rules of Honoring God, which we bave from the 

L aws, and the R ules of Philoſopby , that's, the 

Opinions of private men; © to yeild what is due to 

Religion to the Holy Scripture, and what is due 10 

Philoſopby to Natural Reaſon. And this I ſball do, 

if T but handle the Elements of Philoſopby truly 

&+ clearly us I endevonr to do. T herefore hating 

inthe 3d Sedtionw® I have publiſhed & dedica- 

ted to your Lordſhip loxg ſince reduced all Power 

Ecclefraftical and Civil by firong Arennents of 
.R eaſon without repugnance t1 Gods Word to one 

and the ſame Soveraign Authority;l intend now, 
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thenpayedme, for telling Men the truth ofwh 


The Epiſtle FT 
by putting into 4 clear IM ethod the true Foun- 
dations of Natural Philoſopby, to fright and drive 
away this Metapbyfical Empala ; not by ckermiſh, 
but by letting in tbe light upon ber, For I am confi- 
dent( if any confidence of Writing can proceed from 
theVriters fear, circumſpeFion &5- diffidence ) that 
in the three former parts of this Book all that 1 bave 
ſaid is ſufficiently demonſtrated from Definitions» 


all in the fourth part, from Suppoſstions not abſurd, 


But if there appear to your Lordſhip any thing lefs 
fully demonſtrated then to ſatisfie every Reader the 
cauſe was this that I profeſſed to write not all to all, 
but ſome things to'Geometricians onely. But that 


' your Lordſhip will be ſatisfied 7 cannot doubt. 


T bere remains the ſecond Setion, which is con- 
cerning Man. T bat part thereof where f bandle the 
Optiques, contayning ſzx Chapters, togetber with 
the Tables of the Figures belonging to them, 1 
have already written & engravenltying by me a- 
bove theſe ſax years. T he reſt ſhall as ſoon asF can, 
be added to it;though by the contumelies & petty 
zmjurics of ſome "on men, | know already by 
experience how much greater thanks will be due, 


Mex 
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-— Dedicatory. | 
Men are. Butthe burthen 1 have taken onme.T 


F acknowledge : and for which, with my prayers 
to Almighty God for your Lordſhips ſafety, F 
fbal (romypower,) be always thankefal. 


London, April 23, 
..I 6 5 $5» 


YOUR LORDSHIP7S 


moſt humble Servant 


Thomas Hobbes, 


The Authors Epiſtle 
To the Reader. : 


a 


Hink not (courteous Reader) that the * 


EE Philoſophy che Elements whereof I 


am going to {et in order;is that which 
makes Philoſophers Stones, nor that 
Wall which is found in the Metaphſique 
XC] Codes, Bur that it is the Natural 
>] Reaſon of Man buſily flying up and 
9 [| down among the Creatures, & bring- 
Z|| ing back a true report of their Order, 
Cauſes & Efte&s, Philoſophy there- 
force, the Childe of the World and 
your own Mind, is within your ſelf; 
erhaps not faſhioned yet, but like the World its Father,as it was 
1n the beginning, a _ confuſed. Do therefose as the Statuaries 
do, who by hewing off that which is ſuperfluous; do not make bur 
find the Image. Or imitate the Creation. It you will be a Philo- 
ſopher in good carneſt, let your Reaſon move upon the Deep of 
your own Cogitations and Experience. Thoſe things that lie in 
Confuſion muſt be ſet aſunder,diſtinguiſhed,and every one ſtampt 
with its own name ſet in order ; that is to ſay , your Method muſt 
reſemble that of the Creation, The order of the Creation was, 
Light, Diſtin101 of Day and Night , the Firmament , the Luminaries, 
Senſible Creatures, Man; and after the Creation, the Commandemezt, 
Therefore the order of Contemplation will be , Reaſon , Definition, 
Space, the Starres, Senſible Quality, Man ; and after Man is grown up, 
Subjeton to Command, In the firſt part of this Se&ion which 1s enti- 
tled Logique, I ſet up the light of Reaſon, In the Second (which 
hath for title the Grounds of Philoſophy) I diſtinguiſh the moſt 
common Notions by accurate definition, for che avoiding of con- 
fuſion and obſcurity. The third part concerns the Expanſion of 
Space; that is, Geometry. The fourth contains the Motion of the 
Starres, together with the doctrine of Senſible Qualitics, 
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, , a. - Lt5 {LY > I , 
Tote Reader, | 
In the ſecond SeQion (if it pleaſe God) ſhall be handled Mans 
In the third Se&ion the doarine of SubjeQion is handled already» 
This is the Method 1 followed ; and if it like you you may uſethe 
ſame ; for I do but propound, not commend to you any. thing of 
mine, But whatſoever thall be the Method you will hike ; I would 
very fain commend Philoſophy to you, thar is to ſay, the ſtudy of 
Wiſdome , for want of which we have. all ſuffered much dam- 
mage lately, For even they that ſtudy Vealth, do it out of love to 
Wildome ; for their Treaſures ſerverhem bur for a Looking-glaſs; 
wherin to behold and contemplate their owne Wiſdome. Nor do 
they that love to be employed in publike buſine(s,aime at any thing 
bur place wherein to ſhew their Wiſdome.Neither doV oluptuous 
men negle& Philoſophy , but onely becauſe they know' not how 
great a pleaſure it 1s to the Mind of Man to be raviſhed in the vi- 
gorous and prapun embraces of the moſt beaureous World. 
Laſtly, though for nothing elſe,yet (becauſe the Mind of Man is no 
leſs impatier of Empty Time, then Nature is of Empty Place)to 
the end you benot, forced for want of- what to do, tobe trouble- 
ſome to men that have buſineſs , or take hurt by falling into idle 
Company, but have ſomewhat of your own wherewith: to fill u 
your time,l recommend unto you the Study of Philoſophy,Farenel, 


T, H. 
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APTERS, 


7 be Titles 0 the CG H 4 


Th rſt Part or Logiqu 


Of Proportion, 
Of 'S 
A rigs Falfiryand Captions, | 
Of Methed, | 
The Second Part, or The fre Grounds of Philoſophy. 
Place and Time. 
Of Boaly and Acordent 6 
il Of Caſe ard Effet. | 
. Of Power and AH.'- - 
11 Of Identity and Pifſerence. 
I2 Of 9uantity. 


13 Of A iſme, or the Same Proportion. 
14 Of Strajpht ard. Grocked, Angle and Fi 


The third Part;Of the Proportions FM Motions and Magnitudes. 

15 Of the Nature, Properties, and druers conſiderations, of” Moti03 and 
Endeauour, 

16 Of Motion Attelerated and Un; form, and of Motion by Concourſe, 

17 Of Figures Deficient. 

18 Of re Equation of Strarght Lines, which the C [och Lines of Paraho- 
las, and other Figures made 1n amitation of Parabolas, 

19 Of Angles of Incidence and Reflextoin, equal by ſuppoſition. 

20 Of the Dimenſion of a Circle, and the Ditiſion of Arches or Angles, 

21 Of Circular Motion. 

22 Of other Varzety off Motions. | 

23 Of the Center of Equipouderation of Bodzes preſſing downwards in 
ſtra:zght parallel lines. 

24 Of Reffafijon and Reflex1on. 

The fourth Part, of Phyſiques, or the Ph&;omeza of Nature. 

25 Of Senſeand Animull Motion, 

26 Of the World and of the Starres, 

27 Of L:1ght, Heat, and of Colours, 

28 Of Cold, Wind, H ard,lce, Reſtitution of Bodies bent, Diaphanow',Li 'ght- 
ning and Thunder, and of the Heads of Revers, 

29 Of Sound, Odour, Salonr, and Touch. 

39 Of Graviy. \ 


Part. ; 


COMPUTATION 
LO GIGWwEs 


Cray. I. . 
Of Philoſophy. | 


1» The Introdattion, 2 The Definition of Philoſophy explained. 3 Rathci- 
nation of the Mind. 4 Properties what they are. 5 How Properties are 
| known by Generation, & contrarily, 6 The Scope of P hiloſophy. 7 The 

Utility of it. 8 The Subjeft, 9 The Partsof it, 10 The Epilogue, 


SSSR L0SorHy ſeems to me tobeamongſt 
ST SES men now, in the ſame manner as 
YES ed GEN Corn and Wine are ſaid to have 
| ; been in the world in ancient time. 
For from the beginning there were 
Vines andEars of Corn growing here 
and there in the fields; but no care 
was taken for the planting and ſowing 
of them, Men lived therefore upon 
Akorns; or if any were ſoboldasto 
venture upon the cating of thoſe un- 
known and doubtfull fruits, they did it with danger of their, 
health. In like manner, every man brought Philoſophy, thar is, 
Naturall Reaſon, into the world with him; for all men can rea- 
ſonro Rn degree, and concerning ſome things : but where there 
is need of a long {cries of Reaſons, there moſt men wayder our of 
rhe way, and fall into Error for want of Method, as it were for 
want of ſowing and planting, that is, of improving thei: Reaſon. 
And from hence it comes to paſſe, that they who content'them- 
ſelves with daily experience, which may be likened to feeding 
upon Akorns , and cithcr reje&, or not much regard Philoſo- 
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, COMPUTATION Part x. 


phy,arc commonly eſteemed , and are indeed, men of ſounder 
addcnent, rhen choſe » who from opinidris , though nor vul- 
Mar, yet fu of uncertainty , and careleſly recezved , do 
nothing but diſpure and wrangle , like men that are not 
well in their wits. Iconfeſſe indecd, that that part of Philo- 
phy by which Magnitudes and Figures. are computed, is highly 
improved. But becauſc 1 have not obſerved the like advance- 
ment in the other parts of it, my purpoſe 1s, as tar forthasI.am 
able, to lay open the few and firſt Elements of Philoſophy in ge- 
nerall, as ſo many Secds, frgth which pure and true Philoſophy 
may hereafter ſpring up by ote and lictle. 

I am not ignorant how harda thing iris to weed our of mens 
mindes ſuch inveterate opinions as have taken root there, and 
been cofirmed in them by the authority of moſt eloquentWriters; 
eſpecially, ſeeing true (that is accurate) Philoſophy, profefſedly 
rejeds not only the paint and falſe colours of Language, but even 
the very ornaments and graces of the ſame; and the fir 
Grounds of all Sciehce, are not only hot beautifull, but cy 
aride, and in appearance detormed. Neverthelefle, there being 
certainly ſome men, though bur few, who are delighted with 
Truth and ſtrength of Reaſon in all rhingy I rhought I might do 
well to rake this pains for the ſake even bt thoſe few, I proceed 
therefore to the tnatter , and take my beginning from the very 
Definition of Philoſophy, which is chis. 

2 PHILOSOPHY #5 ſuch knowledge of Effelts or Appearances , 4s we 


atquire byrrue Ratiocination from the knowledge we have firſt of their (auſes 
or Gerieration : And again, of ſuch Cauſes or Generations as may be from kyow- 


ing firſt their Effetts. 4 

For the better underſtanding of which Definition, 'we muſt 
conſider; firſt, that althongh Senle and Memory of things, which 
are common to Man and all living” Creatures, be Soom < bo yer 
becauſe they are given us immediately by Nature , and nor got- 
ten by Ratiocinarion, they are not Philoſophy. 

Secondly, Sceing Experience is nothing but Memory ; 
and Prudence; or Proſpctt into tie furure time, nothing bur Ex- 
peRation of ſuch things as. we have already had experience of, 
Prudence alſo is not to be eſteemed Philoſophy. 

By RATIOCI1NATION) E Incan Compnrarion, Now to cott- 
pute 


1 
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Part 4» Or ZOGTQNE, 
pute , is either to colle& the ſum of many things that are added 
ragether, or to know what remains when one thijng is taken our 
of another. &4:4acination therefggc is rhe ſame wich 4444i%x and 
Subſtrattian;and 1k any man adde MHuhiplication and Droi/ror! will he 
be againſt it,{ceing Multiplicationis nothinghurAddition of cquals 
one to another , and. Diviſion nothing bur a FubſtraQion of e- 
quals one from another, as often as is poſſible. So that all Ratio- 
cination is comprehended in theſe rwo operations of the minge, 
Addition and Subſtracion, 

3 But how by the Ratiociwation of our Minde, we Adde and Sub- 
ſtra& in gur ſilent thoughts , without the uſe of words, jt will be 
neceſſary for me ro make intelligible by an example or two. - It 
therefore a man ſce ſomerhung a far off and obſcurely , although 
ng appellation had yet been given to any thing, he will notwith- 
ſtanding have the ſame Idea of that thing, for which now by im- 
poſing a name on it, we call it Body, Apgin, when by comming 
neerer; he ſces the fame thing thus and thus, now in one place 
and now in another,he will have 2 new Idea chereot,namely that, 
for which we now call ſuch a thing Animated. Thirs y, when 
ſtanding neercr he perceives the figure, hears the voice, and ſecs 
other things, which are ſignes of a Rationall minde, he has a 
third Idea, though it have yet no appellation, namely , thaz for 
which we now call any thing Rational, Laſtly, when by looking 
fully and diſtin&ly upon it ke conceaves all that he has ſecn as 
one thing,the Idea he has nowgs compounded:of his formerIdeas, 
which are put together in the Minde, in the ſame order, in which 
theſe three ſingle names Body, Animated, Rational, are in ſpeech 
compounded into this one name Body- A nimated- Kationall, or Man. 
Inlike manner, of the ſeverall conceptions of four fides, equality of 
fides , and right angles, is compounded the conception of a Sqyere. 
For the mind may conceive a figuse of foure ſides without any 
conception of their equality; & of khat&qualiry without conceiy- 
ing a right angle; and may joyne together all theſe ſingle con- 
ceptions inta one coneeption or one Idea of a Square, And thus 
we {ee how the Conceptions of the mind are.compounded, A- 
gain, whoſoever ſees a man-ſtanding /necr him, concerves the 
whole Idea of that man ; and it as he goes -_y he follow him 
with hs eyes onely, he will A? the Idea: of thoſe things which 

2 were 


4 ; COMPUTATION Part 1. 
were ſignes of his being Rationall, whileſt nevertheleſle the Idea 
of a Body-Ammated remaines ſtill before his eies; ſo that the I- 
dea of Rationall is ſubſtrated from the whole Idea of Manthart is 
to ſay of Body-Animated-Rationall, and there remaines that of 
Body-Animated; & a whule after at a greater diſtance the Idea of 
Animated will be loſt, & that of Body only will remain;ſo that ar 
laſt, when nothing at all can be ſeen, the whole Idea will vaniſh 
- out of ſight. By which examples, I thinke it is manifeſt enough, 
what is the internall Ratiocination of the Mind, without words. 
We muſt not therefore thinke that Computation, that is, 
Ratiocinatjon, has place onely in numbers ; as if man were 
diſtinguiſhed from other living Creatures (which is ſaid to 
have been the opinion of Pythagoras) by nothing but the faculty of 
numbring; tor Mag nitude, Body, Motion, Time,Degrees of Quality, Att;- 
0, Conception, Proportion, Speech and Names (in Which all the kinds of 
Philoſophy conſiſt ) are capable of Addition and Subſtraftion, 
Now ſuch things as we adde or ſubſtra&,, thatis, which we pnr 
into an account , we are ſaid to conſider, in Greek aoy{Ceode in 
which language alſo ouMoyl oI a: ſignifies to C ompute, ayice or Rec- 
hon, 
4 But Ef: and the Appearances of _ to ſenſe, arc faculties 
or Powers of Bodies, which make us diſtinguiſh them from one 
another; that is to ſay.» conceive one Body to be equall or 
unequall , like or unlike to another Body; as in the exam- 
ple above, when by coming neer enough to any Body, we per- 
ccive the Motion and Going of the ſame , we diſtinguiih it there- 
by from a Tree, a Column and other fixed Bodies;and fo that mo- 
tion, or going is the Property thereof,as being proper to Kving crea- 
ures, anda faculty by which they make us diſtinguiſh chem 
from ot her Bodies. | 
5 How the knowledge of = Effe& may be gotten from the 
knowledge of the Generation thereof , may eaſily be underſtood 


by the example of a Circle: For if there be ſet before us a plain fi- 
geure having as neer as may be the figure ofa Circle, we cannot 
poſfibly perceive by ſenſe whether it bea true Circle or no ; then 
which Darchali nothing is more eaſie to be known , to him 
that knowes firſt the Generation of the propounded figure. For 
tet it be known that the figure was made by th 


e circumduction of 
a 
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a Body whereof one end remained unmoved, and we may reaſon. 
thus; a Body carried abour, retaining alwayes the ſame length, 
applies it ſelfe firſt ro'one Radixs, then to another , 'toa third,%@ 
fourth;and ſucceſſively to all;and therefore theſame length,from: 
the fame point , toucherh the circumterence in every part there- 
of ; which is as much to ſay as all the Radii are equal. We know 
therefore that from ſuch generation proceeds a figure, from: 
whoſe one middle point all = extreame points are reached unto 
by equal Radrr, And in like manner, by knowing firſt what figure 
is ſer before us,we may come by Rarttocination to ſome Genera- 
tion of the ſame, though perhaps not that by which it was made, 
yet that by w*Þ it might have been made; for he that knows that & 
Circle has the property above declaved,will cafily know whether 
aB ody carricd abouraas is ſaid,will generate a Circle or no. 

6 The End or Scope of Philoſophy, is, that we may make ule to 
our benefit of effes formerly ſeen;or that by applicaris of Bodies 
ro one another,we may produce the like effects of thoſe we con- 
ceive in our minde, as far forth as matter,ſtrength & induſtry will. 
permit, for the commodity of humane life. For he inward glory 
and triumphof mind that a man may have , for the- maſtering of 
ſome difficult and doutfull matter , or for the diſcavery of ſome 
hidden truth, is not worth ſo much paines as the ſtudy of Philoſo-- 
phy requires; nor need any man care much to teach another what 
he knowes himlſelfe, if he think that will be the onely benefirof 
his labour. The end of Knowledge is Power; andthe uſe of Theo- 
remes (which among Geometricians ſerve for the finding our of: 
Properties) is for the conſtruQtion of Problemes z and laſtly, the 
{cope of all ſpeculation is the performing of ſome action, or thing 
to be done. | 

7 But what the #riliry of Philoſo by is, eſpecially of Naturaf 
Philoſophy and Geometry, will be be underſtood by reckoning 
up the chief commodities of which mankind is capable ; and by 
comparing the manner of life F ſuch as enjoy them with thar of. 
others which want the ſame. Now the greateſt commodities of 
mankind are the Arts,namely of meaſuring Mattet and Motion; 
of moving ponderous Bodies; of ArchiteQure z of Navigation; of 
making inſtruments for all uſes ; of calculating the- Ceeleſtiall 
Motions, the Aſpe&s of the Stars, and the parts of Time; of Gec-- 

\ graphy z. 
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aphy &c. By which Sciences, haw benefits men receive, - 
_—_ cabily underſtood rhen expreſſed. Theſe bengfics ate en- 
joyed by almolt all che people of Eurape, by moſt of tholg,of A- 
$a > and by fome af Africa 5; but the Americans, and they; that 
live negs the Poles do totally want them. But why > Have they 
ſharper wits then theſc> Have not all men one kinde of foule, and 
the tame facultics of mind> VVhat then makes this difference, 
except Philtoſopay? Philoſophy rheretore is the cauſe of all theſe 
benctits, Bur tbe Utiliry of Morall aug Civil Philoſophy is to be 
eſtimated not fo much by the commodities. we have by know- 
ing theſe Sciences , as by the calamitics we reccive trom not 
knowing them. Now all ſuch catamutics as may be avoided by 
. humane induſtry ariſe from yarre, bur chictly frgm Civil warre; 
for from this pracecd Slaughter , Salitude , and the wan of all 
things. Bur the cauſe of warre is not that men are willing ta have 
it; for the VWill has nothing for Qbje& bur Good at leaſt rhat 
which ſfeemeth gun, Nor is it from this, that men know not 
thac the effe&ts of war are evil; for whois there that thinks not 
poverty and lofle of life to be great evils> The cauſe therefore of 
Civillwazze, iszhat men know. nog the cauſes neither gf VVarre 
nor Peace , there being bur few inthe! world that have learned 
thoſe duties which unite and keep men in peace, that 1s to ſay, 
that have learned the rules of civill life tuftgiently. Now the 
knowledge of theſe rules is Morall Philoſophy, Burt why have 
they not learned:them , unkeſſe for this realon that none Haag 
to have taught them in a clear and. cxat method? For what ſhall 
we {ay> Could the ancient Maſtexs of Greece, Egypr,Rome), and 
others per{wade. the unskillfull gaultzrude ro their innumerable 
opinions concerning the nature of their Gods, which they them- 
ſelves knew not whether they were true or falſe, and which 
were indeed' manifeſtly falfe & abſurd; & could rhey [nor per- 
{wade the ſame multitude to civill duty, it they themſelves had 
underſtood is,> Or ſhall thoſe fow pricings of Geometricians 
which are extant, be thought ſufficient for the taking away of all 
controverſy in the matters they treat of, and ſhall thoſe innume- 
rable- and' huge Volumes of Erhicks be thoughe ualufficient, if 
what they teach had been ccrtain and well demonſtrated> VV har 
then. can be imagined ro be the caule rthas the wricings ro 
thoſc 
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thoſe ten have increaſed ſdthice, andthe wricmgsvfeheſs have 
increaſed nothing bur words;{avingtharthe former: were wrir- 
renby men that knew , and the larerby fuck 'as knew*novehe 
dofrine they taught onely for oſtentation of their wit and &lo- 
quence 2 Neverthelefle, I deny not but the readingot ſomerſuch 
books is very delightfull ; for they are moſt eloquently written, 
and containe many cleer,wholfome and choice ſemtences; which 
yet are not univerſally trne, though by them univerſally * pro- 
nounced. From whence it comes to paſle,tbat the oircumitances 
of times , places 'and oy being changed, :they are noleſſe 
frequently made uſe of to confirme wicked men in their pur 
ſes;then to make rhem underſtand the precepts: of Civill dares. 
Now that which 1s chiefly wanting in them , isa trne and cer- 
raine rule of our a&tions, by which we might know whether that 
we undertake be juſt or umynſt., For it is to no purpoſe to be bid- 
den in every thing to do Right,before there be a certain Rule and 
meaſure of Right eſtabliſhed ; which no man'hitherro hath eſta- 
bliſhed. Secing rherefore from the not knowing of Civill duties, 
that is , from the want of Morall ſcience proceed Civill warres, 
and the greateſt calamities of mankind, we may very well artri- 
bure to ſuch ſciencethe produdtion of the contrary commodities. 
And thus much is ſufficient, toſay nothing of the prayſes and 0- 
_ ther contentment — from Philotophy, to let you ſee the 
Urility of the ſame in every kinde thereof. 

$ The S»6je of Philofophy, or the matrer it trears of, is every 
Body of which we can conceive any generation, and which we 
may by any conſideration thereof compare with other Bodies; or 
which is capable of compofirtion and reſolution; thar is to ſay, e- 
very Body, of whoſe Generation or Properties we can have any 
knowledge. , Antl this 'may be deduced from the Definition of 
Philoſophy, whoſe ofeſtion it is to ſearch out the'Properties of 
Bodies from their Generation , or their Generation from their 
Properties ; and therefore where there is no Generation nor 
Property, there is no Philoſophy. Therefore it excludes Theology, 
I meane the do&trine of God , Eternal, Ingenerable, Incompre- 
Henſible , and'm whom there is nothing neither 'to divide nor | 
compound , nor any Generation to be conceived. 

It exchudes'the dodrine of Angels, and all ſuch things as are 
| thought 
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thought to be neither Bodies, nor properties of Bodies; there be-' 
ing incthem no place neither for compolition, nor divifign, nor a- 
ny capacity of moreand lefle; rhar is to ſay, no place for Ratioci- 
nation. 

It excludes Hiſtory, as well Naturall as Politicall, though moſt 
uſefull (nay neceſſary) ro Philolophy; becauſe ſuch "nam. ot ons is 
bur Experience, or Authority, and not Ratiocination, 

It excludes all ſuch Knowledge as is acquired by Divine Inſpi- 
ration, or Revelation , as not derived to us by Reaſon, but by Di- 
vine grace inan inſtant, and as it were by ſome ſenſe ſupernatu- 
rall. 

It excludes, notoncly all Docrines which are falſe, but ſuch 
alſo as are not well grounded ; tor whatſoever we know by right 
Ratiocination, can neither be falſe nor doubttull; and PAs 
Aſtrology, as it is now held forth, and all fuch Divinations rather 
then ſciences, are excluded. 

Laſtly;the do@rine of Gods Warſkip is excluded from Phuloſo phy, 
as being nor to be known by naturall reaſon , but by the authority 
- the Church; and as being the obje& of Faith, and not of Know- 

dee. 

— The principall parts of Philoſophy are two. For two chicf 
kinds of Bodies,and very diftcrent from one another, offer them- 
{elves to ſuch as ſearch afrer their Generation E Properties; One 
whereof being rhe worke of Nature, is called a Natwrall Body; the 
other is called a Commonwealth,and is made by the wills and agree- 
ment of men. And from thelc ſpring the two parts of Philoſophy 
called Narurall and Civill. Bur Goin that for the knowledge of 
the Properties of a Common-wealth, it is neceſſary firſt to know 
the Diſpoſitions, Aﬀections and Manners of men , Civill Philofo- 
phy is againe commonly divided into two parts; whereof one 
which treats of mens Diſpoſitions and Manners 1s called Erhicks, 
and the other which takes cogniſance of their Civil Duties is cal- 
ed Politicks or ſimply Crvill Philoſophy. In the firſt place therefore 
(after I have ſet downe ſuch Premiſes as appertaine to the na- 
ture of Philoſophy in general) I will diſcourſe of Bodies Naturall , 
1n the ſecong, of the D:ſpo/rions and Manners of men; and in the third, 
of the Civil Duties of Subjets, 

19 Toconclude , ſecing there may be many who will not like 


this 
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this my Definition of Philoſophy , and will ſay that from th 
liberry which a man may take of ſo defining as ſeemes beſt to 
himſelfe , he may conclude any thing from any thing (thcugh I 
thinke it no hard matter to demonſtrate, that this Definition of 
mine agrees with the ſenſe of all men; ) yet left inthis point there 
ſhould be any cauſe of diſpute berwixt me and them ,I here un- 
dertake no then to deliver the Elemems of that Science, by 
which the Effe&s of any thing may be found our from the known 
Generation of the ſame, or contrarily the Generation from the 
EffeRs;to the end that they who ſearch after other Philoſophy,may 
be admoniſhed to ſecke it trom other Principles. 


_ 
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mOw unconſtant and fadinz mens 
ol thoughts are,and how much the reco- 
very of them depends upon chance, 
there is none but knows by infallible 
| experience 1n himſelf, For no man is 
| able to remember Quantities without 
ſenſible and. preſent Meaſures , nor 
Sf Colours without ſenſible and preſent 

W Patterns, hor Number without the 


from him » and not be revgcable but by beginning his ratioci- 
nitiderInely. From which it Bllowes , arts the Snicing of 
Philoſophy ſome ſenſible Moniments are neceſiary, þy which our 
paſt thoughts may be not onely reduced , but alſo regiſtred every 
one In its own order, Theſe Moniments I call Max xs, namely, 
ſenſible things taken at pleaſure , that by the ſenſe of them ſuch 
po_—_ may be recalled to oyr mind , as are like thoſe thoughts 

for which weſtook them.) a 
. 8 2 Again 5 
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| » Aggios, ſame one may, of how excellent a wit ſapyer, 
men na 


s for the help him: 


venting Mar aory » andadvancing hi 
ſelf OP Larhing 3 Who ſces not, that rhe benefic he reapes 40 higt- 
ſelfe will not be much , and to others none ar all> For ynleſſe be 
communicate his notes with others, his ſcience will peryh with 
him. Bur if the ſame notes be made common to meny , and fo 
one mans inventions be taught to others, ſciences will therebybe 
encreaſed to the generall good of mankind, Ir is therefore necel- 
ſary for the acquiring of Philoſophy tha there be cerctainSiguess 

by which what one man finds out may be manifeſted and mage 
known to others.Now thoſe things we call $16 ws s,are the efat6- 
cedents of their Conſequents,and the Conſequents of their Amteceddims,as often as 

we obſerve thens to go before or follow after in the ſame manner For example, 

a thick.Cloud is a > ama Rain to follow ; and Rain a Sie; Tue 

a Cloud has gone betoxe, for this reafan onely,char'w Yo 
Clouds without the ens wv of Rain, norRain aranyzime 

but when a Cloud has gone before. And of Signs ſome ar& Nanrall, 
whereof I have already given an example; others ate Ariirar, 
namely, thoſe we make choice of at ourown pleafure'; as abuih 
hung up, ſignifies that,VVine 15 to be ſold there ; aſtoneſer inthe 
ground, {ignifies the bound of a field ; and words ſo and ſocot- 

. nected, fignifie the Cogitations and Motions ot our Mitde. The: 
difference therefore berwixt Markes and Signes is this , tharwe' 
make thoſe for our own uſe, but theſe for the aſe of others, -—i:: 

3 Words ſo connected, 8s thar they become ſignes ob our 
Thoughts, are called Sex n cn,of which every part isa Name... But 
ſeeing (as is ſaid) both Markes and Signes are neceſſary for the 
acquiring of Philoſophy, (Marks by which we may remember. 
our own thoughts, and Signes by, which we may make our- 
thoughts known to others, ) Names do both hal offices; but' _ 
they ſerve for Marks before they be uſed as Signes.. For though 
a man were alone in the world , they would' be uſefull eo him 
in helping him to remember; but to teach others, (urilefle there 
were {ome others to be taughs,) of no uſe at all. Again, Name 34 
though ſtandivg ſingly by chomfedves , are Marks, becauſe they <2 
ſerve to. recall our own thoughts to mind but they cannor be-- 
Signes, otherwiſe then by A and ordered in Speech, 

2 as 
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as parts of the ſame. For example, a man may begin with a 
word, whereby the hearer may frame an Idea of ſome- 
thing in his mind , which'neverrheleſſe he cannot conceive to be 
the Idea which was in the mind of him that ſpake, but that he 
would ſay ſomething which began with that word, though 'per- 
. haps not asby irſelfe, but as part of another word. $o that the 
narure of a name conſiſts principally in this, that it is a Mark ta 
ken for Memories ſake ; but it ſerves alſo by accident, to ſignifie 
and make known to others what we remember our ſelves; and 
therefore will define it thus : 

uy eANAME #54 Word taken at pleaſure ts ſerve for a Mark, which may 
raiſein our Mind a thought like to ſome thought we had before , and which be- 
ing prownnced to others, may be to them a Signof what thoug ht the ſpeaker had 
or had wt before in his mind. And it is for brevities ſake that TI ſuppoſe 
the Originall of Names to be Arbitrary , judging it a thing thar 
maybe aſſumed as unqueſtionable.For cofideringrhat newNames 
are daily made, and old ones laid aſide ; that diverſe Nations uſe 
different.Names, and how impoſſible it is either to obſerve ſimi- 
lirude,or make any comp..ri{6n betwixt a Name and a Thing,how 
' canany man imagine that the Names of Things were impofed 

from their natures > -For though ſome Names of living creatures 
and other things, which our firſt Parents uſed , were taught by 
God himſelfe; yet they were by him arbitrarily impoſed, and at- - 
terwards both at the Tower of Babel, and ſince in proceſle of 
time, growing every where out of uſe, are quite forgotten , and 
in their roomes have ſucceeded others, invented and received b 
men at pleaſure. Moreover, whatſoever the common ule of cds 
be, yet Philoſophers, who were to teach their knowledge to 0- 
thers, had alwayes the liberty, and ſometimes they both had and 
will have a neceſſity, of taking ro themſelves ſuch Names as they: 
pleaſe for the ſignifying of their meaning , if they would have it 
underſtood. Nor had Mathematicians need toaske leave of any 
but themſelves to name the figures they invented Parabolas, Hyper- 
= Ciſſoeides, Quatratrices, Fc, orto call one Magnitude A, ano- 
ther B, 

5 But ſeeinz Names ordered in ſpeech (as.is defined) are ſignes 
| of our Conceptions,it is manifeſt rhey are not fignes of rhe Thin 
themſelves; tor taar the foanl'iof tais word Srone ſhould be the 

x figne 
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ſigne of a $t one, cannot be underſtood in any ſenſe bur this ; thar 
he that heares it, colle&s that he that pronouunces it thinkes 
of a Srone. And therefore that diſputation,wherher Names ſignifie 
the Matter or Form , or ſom compounded of both , and o- 
ther like ſubtleties of the ſeraphyſicks, is kept up by erring men,and 
ſuch as underſtand not the words they diſpute abour. Ws" 
6 Nor indeed 15 it at all neceſſary that every Name ſhould 
the Name of ſome Thing. For as thele, A AMan, a Tree, a 5 tone, are 
the Names of tie Things themſelves;{o the Images of a Man, of a 
Tree and of a ſtone, which are repreſented to Men {lee ing, have 
their Names alſo,though they be not Things,bur onely Eons and 
Phantaſmes of t1ngs. For we can remember theſe; and therctore 
it 15 no lefle neceflary that they have Names to mark and fignifie 
them;then the Things themſelves. Alſo this word F=:twrejs a Name, 
bur no future thin , yet any being, nor do we know whether 
that which we call Future, ſhallever have a being or no. Never- 
theleſſe, ſecing we uſe in our mind to knit rogether things Paſt 
with thoſe thar are Preſent, the Name F*ture {ervesto ſfignifie ſuch 
knitting together. Moreover, that which neither is, nor-has been, 
norever ſhall or ever can be, hasa name namely, That which nes- 
ther is, nor has been, &c, Or _- briefly this , 1mpsſſible, To con- 
clude , this word Nothizg , is Aname zwhich yer cannot be the 
name of any thing. For when (for example) we ſubſtra& 2 and 
from 5,and ſo nothing remaining we would call that ſubſtraRion 
to mind,this ſpeech Nerhing remains,and in it the word Nothing is nor 
unuſefull. And for the ſame reaſon we ſay truly Leſſe then Nothing 
remaines,when we ſubſtra& More from Leſ e:for the minde feigns 
ſuch remaines as theſe for Do&@rines ſake,and deſires as often as is 
neceſlary , to call the ſame ro memory. Bur ſeeing every name has 
fome relation to that which is named, though that which we 
name be not alwaics a thing that has a being in Nature, yer it is 
lawfull for Doctrines ſake to apply the word Thizg, to whaſoever 
wenamezas if it were all one whether that thing be truly exiſtent 
or be _ feigned. Y 
7 The firſt diſtin&tion of Names , is that ſome are Poſtive, or 
Affirmative ; others Negative, which are alſo called Privative and 
Endefinite.: Poſitive are fuch as we impoſe for the likeneſle, Equa- 
| ly 
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liry' or Identity of the things we eonfider; Negwwiorfor the diver- 
fey, Unhkneſlt, or Incqualuy ofthe-ſame. Examples of che for- 
mcr are « Alan « Philoſopber, for 4 Mardenotes any one of a mul- 
tirudeof men , and 4 Phileſopher any oneof many Phil.ſo 
reaſon of their fimilitudez Alſo Secreres js a Politiye namegbecaute 
. it ſignifies alwaycs one andthe ſameman, Exa ples of Negartines 
are ſuch Poſitives as have the Negative particle Nor added to 
them, as Not-Man, Not-Philoſopher, Bux Patitives were before Ne- 
gatives; for otherwiſe there could,have been no uſe at all of theſe. 
For when the name of #bie was impoſed upon certain thi 
afterwards upon orher things the names of Black, Blew, Tranſparene, 
&c. the infinite difimilitudes af theſe with #hire could notbe 
camprehended in any one Name, faverhat which had int the 
Negation of White, thats to ſay,the Name Net-#hite, or ſome o- | 
ther equivalent to it, iN which the word whice is repeated , {uch as 
Unlike to white, &'c. And by theſe Negative names, we take notice our 
ſelves, and fhgnifie to others whatwe have not thought of, 
$ Poſitive and Negative names are Conrradittory to one another, 
ſo that they cannot both be the nameof the ſame thing, Beſides, 
of Contradi@ory names, one is the name of any thing whatſoever; 
for whatſoever 15 is either. Man-or Not-man , White or -Not- 
white, and ſo of the reſt. Andthis is ſo manifeſt, thatit needs no 
further proofe OT EX plication 4 for they that ſay the ſame thing cannot 
both be, and not be, ſpeak obſcurcly ; but they that ſay, Whatſoever ir, 
ci: hey is,or is wt , ſpeake-alſo ablurdly and ridiculouſly. The cer- 
tainty of this Axiome; viz, Of two (ontradittery Names, onets the Name 
of any thing whatſoever , the other mt ,:is the: originall and foundation 
of all Ratiocination,that is,of all Philoſaphy;and therefore it qught 
tobe ſo exactly propounded,: thatit may. be of ir felfe cleare. and 
perſpicuous to all men; as indecdir is, ſaving to ſuch, as reading 
the long diſcourſes made upon this ſubjedt by rheW riters of .Meta- 
pby/icks (which they beleeve to be: fame egregious learning)thinke 
they underſtand not,when they do. 
9 Sccondly, of Names, ſome are Common to many things ,.45.4 
AMan, a Tree; others Proper to onethingas he that writ the Tliadg Homer, 
this man, that man. And a Common name, beingthe name of many 


things ſeverally taken , but not colleRively of all togerher (as Man 
is 


{ 
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| 15 notthe name of all mankind, butof 


» &c. ever was or can 
ving creature, Stone, Oc, 


y things;and the 


is not to be underſtood, that _ Man, Sto 
be Univer ſall, but onely that theſe words, 
are Univerſal names, that is, Names common to 
Conceptions an{wering them in our minde , 
Phantaſmes of "mor, Living Creatures, or other things. And 
therfore for the underſtanding of theextent of an Univerſal name, 
we need no other faculty butrhar-of our imagination, by which 

weremember that ſuch'namesbring ſomerimes one thing ; ſome- 

times another into our minde. Alſoof Common Names ſome are 

more , ſome lefſe Common, Are Commor,js that whichis the name 

of more things; Leſſe C ommon, the name of fewer things. As Loiving- 

Crearwre is More Common then #fas, or Horſe or Lion, becauſe nt 

comprehends them all; and therefore a more Common name; in. 
_ of alefſe Common, is called the Genus or a General! name; 

and this in reſpe@ of that, rhe Species, or a Speciall Name, 

10 And from hence- proceeds the third diſtintion of Names, 
which is , that ſome. arc called names of the Firft, others of the Se+ 
cond Imeention. Of the firſt Intrmrionarte the names of Things , a Mam 
Srone,&e, of the ſecond arc the names of namesand (ſpeeches , as #- 
niverſall, Particulnr, Gran, Species, Sylogifme , and the like, Butitis - 
hard to ſay-why rholc are caHod names of the Fir, andrheſe ot the 
Second Imention, unlefle perhapsiirwastirſt intended: by us rogive 
names to thoſe things which arcef daily uſe inthis life, .and arer- 
wards to ſuch things as appereame to {cience , thar is, that our Se- 
cond Intention was to give names-roNames. Burwhatſoever the 
cauſe hereof may bc, yer chis 15 manifelt, rhar Gemes, Spevces, Defi- 
nieien,& care names of Words.andNamcvonely; and thereforeto. 
put Gemnsand Species for Things, and Defiwicion for rhe nature of any 

ehiag>4S.the V riters of Mazphypcks have done, is not right, ſeeing 

> vc-only ſignificarions of 'wher we thinke of the nature of 
S. * 

«12 Fourthly, ſome Names arc of cereaine; and determined, his 


% _ 
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of ancertaine and undetermined ſignification. Of determined and certain . 
G2nification is, firſt,rhat name which is given to any one thing by it 
(lf, and is called an Individuall Name; as Homer , this tree, that living 
{7rearwre, &c. Secondly that which has any of thele words 41, Eve- 
rx, Both, Ether , or tte like added to it; and itis rhertfore called 
an Univerſall Name, becauſe it ſignifies every one of thoſe things 
' towhich it is Common; and of certaine fignificacion for this reaſon, 
that Le which heares , conceives in his minde the ſame thing that 
he which ſfeakes would have him conceive. Of Indefinice t1gnifi - 
cation 1s, firſt., thar Name which has the word ſom, or the like 
addedtoit, andis called a Particular name; Secondly a Common 
Name fect by it {elfe without any note either of Univerſality or 
Particularity , as Mar, Stone, and is called an Indefinite Name; but 
both Particular and 1 :d:fimte names are of uncertaine ſignification, 
becauſe the Hearer knowes not what thing it is the Speaker would 
haie him conceive; and therefore in Speech, Particular and Inde- 
finite names are to be eſteemed equivalent to one another, But theſe 
words, All, Every, Some, &'c. which denote Univerſality and Par- 
ticularity » are not Names , bur parts onely of Names ; So that 
Every Man, and That Man which the Hearer conceives iu his mind, are 
all one; and Some Man, and That Man which the Speaker thought of 
{ignifie the ſame. From whence it is evident, that the uſe of fignes 
of this kind , 15 not for a mans own ſake, or for his getting of know- 
ledge by his own private meditation ( for every man has his own, 
Thoughts ſufficiently determined without ſuch helpes as theſe) 
but for the ſake of others ; thar is, for the teaching and ſignifying 
of our Conceprions to others ; nor were they invented onely to 
make us remember, but to make us able to diſcourſe with others. 
12 Fifthly, Namcs are uſually diſtinguiſhed into #»ivecal!, and 
Equivocall, Univocall are thoſe which in the ſame train of Dif- 
covrle ſignific alwayes the ſame thing ; but Eguivecal/ thoſe which 
meane {ometimes one thing , and ſometzmes another, Thus, the 
Name Triazgleis ſaid to be Knivecall, becauſe it is alwayes taken 
inthe ſame ſenſe; and Parabola to be Equivecall , for the Cenificars 
on 1t has ſometimes of Allegory or Similitude , and ſometimes of 
a ccriaine Geometricall figure. . Alſo every Metaphor is by profel- 
fion Equivocall. But thisdiſtin&ion belongs not ſo much to Names, 
as to thoſe that uſe Names; for ſome uſe them properly and accu- 
. ratcly 
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curately for the finding vine-of trurh;; orhers drawthetn from their 
proper fenſe, for Ornament, or Deceipr. - * -. 

13 Sixtly, of Names, ſome 'are A4bſolsre;others Relative, Relative 
are fach as are impoſed for ſome Compariſon , as Father , Sorine 
Canſe, Effett, Like, Unlike , Equal, Unequal, Maſter, Seryant,&c. And 
thoſe that ſignifie no Compariſon at all are Abſo/ute Names. Bur as 
it was noted above, that Univerſaliry is to be attributed to Vords 
& Names onely,and not to Things;ſo the ſame is to be ſaid of other 
diſtintions of Names; for no'Things are cither #nivecall or Equive- 
call , or Relative or Abſolute, There 15 alſo another diſtintion. of 
Names into Concrete atith Abfratt ; but becauſe Abſtrat Names 
proceed from Propoſition, and can haveno place where there is ng 
Affirmation, I ſhall ſpeakesf them hereafter, -/ +. 4 +, © 1 ; 

14 Laſtly thEre are Simpl and: Componrded Names. But here it is 
tobe noted,that a names not taken in Philoſophyzas in Grammar, 
for one ſingle word , but for any number of words put together to 
ſignifie one Thing ; for among Philoſophers Sextiene Animated Body, 
paſſes but for one Name, being the Name of every living,Crea- 
ture;which yer, among Grimarians is accounted three Names. Al- 
ſo a Simple Name 15 not here diſtinguiſhed from a (ompennded Name 
by a Prepoſition, as in Grammar. ButI call a Simple Name , that 
which in every kind is the moſt Common or moſt Univerſall; and 
that a Componnded Name, which by the joyninggh anotker Name to 
it is made lefle Univerſall,and ſignifies xn more conceptions then 
one were in the mind, for which that later Name was. added. 
For example , in the conception of Man (as is: ſhewn in 
the former Chap.) Firſt , he is conceived to be ſomething that has 
Extenſion, which is marked by the word Body. Body therefore is'a 
Smple Name,being put for that firſt ſingle Conception;Afterwards, 
upon the fight of ſuch and ſuch motion, another Conception ariſes 
for which he is called an Animated Brady; and this I here call a Com- 
pounded Name, as] doe alſo the name Animal, which is equivalent 
to an Animated Body, And in the ſame manner an Animated R ational 
Body, as alſo a Mar, which is equivalent to it, is a more Compoun- 
ded Name. And by this we ſee how the Compoſition of Conce 
tions in the mind is anſwerable to the Compoſition of Names; for 
as in the minde one Idea or Phantaſme ſucceeds to another, and to 
this a third; ſo to one Name is added another and another ſucce(- 

D lively, 
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fively', and ofrhem-all is made one Compweded Name, Neverthe- 
leſſe we muſt not thinke Bodies,which are Withgut the Minde, are, 
comnounded in the ſame manner, namelyhac there is in Nature a 
Body, or any other imaginable Thing exiſtent , which ar the firſt, 
has no Magnitude, aatthen by or addition of Magnitude, comes 
to have Quantity,and by more or lefle Quantity to have Deafity or 
Rarity,” and again by the addition of Figure to. be Figurate,and aft- 
ter this — inje&tion- of Light ar Colour , to become Lucid or 
| Coloured; though ſuch has been the Philoſophy of many. it 
15 The Writers of Logiqze have endeavoured to digeſt the 
Names of all the kinds of Things into certgine Scales or Degrees, by 
the continual ſubordination. of Names leſſe Common, to Names 
more Cotnmon. In the Scale of Bader they put in the firſt and 
higheſt place Body ſimply,and in the nexe place unfler ic lefſe Com- 
mon Names, by which it may be more: limited and determined, 
namely Animated and Iranimated, and foon till they come to 1n4i- 
vidualls. In like manner in the Scale of Nuanriries rhey affign the firſt 
place to Quantity, and the next to Line , Syperficies, and Solid, which 
are Names of teſſe latitude; and theſe:Orders or Scales of Names 
they uſually call Predicamenrs and Caregories;And of this Ordination 
not onely Poſitive but Negative Names alſo are capable ; which 
may be exemplified” by ſuch Formes of the Predicame nts as follow. 


The brm of the Przdicament of Body. 


Not-Body; or 
Accident 


Not animated 
Body Nor-Fiimuso-C reaqure 


Animated) | Not Man 
Living-Creature : - ig Peter 
Man 


Peter 
Both Accidentand 7:0% *5,\ Ipantiry, or fomuch 


are conſidered Quality, or ſuch 


or | 
EComparatively, which: ts called 
their.Relation 


The 
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The Forme of thu Przdicament of Fuanity. 
Not-Continual, oe ſerey, 4 L 
as Number, | Line | 
Of it ſelfe, a5QSuperſice 
Cominuall Solid 
By Accident,as 


Time, by Line 
ion, by Line 
and Time 
Force,by Motion 
and Solid 


Where it is to be noted, that Line, Superficits and Solid may be 
ſaid to be of ſuch and ſuch Quantity , that is, to be originally and 
of ther, own nature capable of Equality and Inequality, But we 
cannot ſay there is either, Majority or Minority, or Equality, or 
indeed any Quantity ar all, in Time, without the help of Line and 
Motion; nor in Adotion, without Line and Time 3 nor in Force, qther- 
- wiſe then by Motion and Solid, 


The Forme of the Przdicament of Qxa/iry, 


Seeing 
Primary Shears 
| oo aſtin 
ſPercept1o, "Touching 
by Senſe 
Imagination 
| Secondary Pleaſant 
= | 10n—— 
E 5 | npleaſans 
(By Seeing , as Light and Colour 
| Senſible By Hearing, as Sound 
LQuali By Smelling , as Odors 
| 7 By Taſting, as Savours 


By Touctung, as Hardneſle, Heat, Cold, &c. 
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The forme of the Przdicament of R #lation, 


Magnitudes, as Equality and Inequality - 
Qualities, as Likeneſle and Ynlikeneſſe 


In Place 


Relation 
Together ? 76 Time 


Order \ Former 


Not =o Place tLater 


In Time | prnnagy 
Later 


16 Concerning which Przdicaments it is to be noted in the 
firſt place, That as the diviſion is made in the firſt Przdicamenc 
into Contraditory Names , ſo it might have been done in the 
reft. For as there, Body is divided into Animated and Not- Animared, 
ſoin the ſecond Predicament Continuall Quantiry may be divi- 
. ded into Line and Nor-line, and again, Not-line 1nto Smperficies and 

Nor-Superficies, and ſo in the reſt; but it was not neceſſary. 

Secondly,it is to be obſerved, that of Poſitive Names the former 
comprehends the later ; but of Negatives the former is compre- 
hended by the later, For example Living-Crearure 15 the Name of 
every Man, and therefore it comprehends the Name Mar; but 
on the contrary No-Man is the Name of every Thing which is 
Not-Living.Qreature, and therefore the Name Nor-Lrving-Crea- 
ewre which is put firſt, is comprehended by the later Name Ner- 

AN, 

Thirdly, we muſt take heed ye do not thinke , that as Names, 
ſo thediverſities of Things themſelves may be ſearched out and 
determined by ſuch Diſtin&tions as theſe; or thatarguments may 
be taken from hence ( as ſome have done ridiculoully ) to prove 
that the kinds of Things are not infinite, : 

Fourthly,I would not have any man thinkeT deliver the Forms 
above for a true and exa& Ordination of Names; for this cannot 
be performed as long as Philoſophy remains imperfe& ; Nor 
that by placing (for example) Light in the Przdicameut of Qual#- 
tier, while another places the ſame in the Przdicament of Bo- 


dies > I pretend that either of us ought for this to be drawn 
| from 
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&om his opinion ; for this i >, to be done onel Arguments 
and 5 parts amr and notby diſpolngt words in — 

Laſtly, I confeſſe I have nor — een an of the 
Przdicaments in Philoſophy. 1 E: e Ari A when he ſaw 
he could not digeſt the Things ſelves into ſuch Orders, 


_ nevertheleſle de nag of s$ ewne Authority to reduce 
ords to ſuch Form done ; bur I it qnely 


for this end , that it may be underſtood what this Ordination 
of Words is, and nor to have'it received'or true, till i it beuds- 
monftrated by good reaſon to be ſo, 
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I,jNumens Figgds af Speech 3 pan An 3, or/es Probe frp 4d 
opula what they are, and ratd, ang Concrete w at. The Hſe ak Abuſe 
of Names Abſtratt, 5 Propoſition mrverſal'and Particular. '6 Afir- 
mative and Negative. 7 True and Falſe. 8 True and Falſe belongs to 
Speech, and not to Things. 9 Propoſition Primary, not Primary, Defini- 
0n, Axiome, Petition, 10 Propoſition Neceſſar y and Contingent, 11 Ca- 
 Fegoricall and Hypotheticall. 12 The ſame Propoſition drverſly pronoun- 
ced, 13 Propoſitions that may be reduced tothe ſame Categoricall Propo- 
ſition, are Equipollent. 14 Univerſal Propoſitions converted by Contradi- 
tory Names, are Equipollent, 15 Negative Prepoſitions are the ſame, 
whether the Negation be before or after the Copula, 16 Particular Pro- 
poſrtions ſmply converted,ar e Equipollent. 17 What are Subaltern,Congrary, 
Subcontrary and Contradittory Propoſitions, 18 Conſequence what it is. 
19 Falſity canuot follow from Truth, 20 How one Propoſition is the Canſe 
of another, 


Rom the Connection or Contexture of 
Names ariſe diverſe kinds of Speech, 
whkcreof ſome ſignifie the Deſires and 
AﬀeCtions of Men;luch are firſt /nterroga. 
1575,which denote the deſire of Knowing; 
as Who « a good Man? In which ſpeec 
thereis one Name exprefſled , & another 
> \Y delired andexpected from him of whom 
1 = 8 we aske the ſame, Then Prayers, which 
lignifie the deſire of having ſomething ; Promiſes , Threats, Wiſhes, 
Commands, Complaints , and-other g—_— of other AﬀeXti- 
ons. Speech may alſo be Abſurd and Inſignificant ; as when there 
—n———__y of Words, to which there can be no ſucceſſion of 
houghts in the mingto anſwer them ; and this happens often to 
ſuch, as underſtanding nothing in ſome ſubtil marter , doe never- 
gheleſſe,to make others belceve they un derſtand;ſpeake of the ſame 
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incoherently; Forrhe evinadion. of jncabe 
want the the end of $ 
oof uſed b _ the Writers of rear am 


js 4 Loving Creature, in which two T_ ang Ci 
Is, is a Propoſition, , fort] us arts ct 

both Living C Re and. eng Se ha 

chatrhe former Name A4axjs. BR ended by = jr I 


Living (reature, Now the former Name is Fog ale 
Swbjett , of Antecedent, or the Contained Name, and th Pn ela £ the 
dicat , Copſoſnons Or Containin ame. The fi IEne, O f.C C Qin, a- 


mongſt moſt Nations 5 is eicher ſome wo ad, 2 Fo w Acin the 
Propo tion Mat is 4 living. reg or CE {eos ermination 
ofa UT as in this Propoſi "Man walket Ovhigh: is cquiv2- 
lent to this »z Mar is walking) annnes Rene by W boch. itts faid 

he walketh, rather then he « walking, fi nifieth Ujai che thole twoare 

underſtood to be copay or to be Names of the fame Thing; 
But there arc, or certainly ma ay be ſome Nations char. haveno 
word which an{wers to our Verbe /s, Who neverehcleſſe torme 
Propoſitions by the poſition anely of one Name aft [ter APPEND as 
an APE 


Creature; for the \ very order of the Names i 

their conne&ion ; an they ; are as 4 xt and Tn 

as if they were copulated by the Verbe 7s. 1. gs 
3 herelove in every. Nope ere are. tobe con” 


the Thought f one py the Lo Thing ; bue Nh ra Monde 
niry vs thinke of 4g Ca Neb for <Thivg; by ames were im- 

aefion. th thac Thin or example, when we.ſa @ Bog is mo- 
ch «ble, though we ig Fav the ſame ghing. tobe Jehnedby borh 


thole 
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thoſe Names 5 Ferour Minde reſts: not there but ſearches fur- 
r oE NA it is *0 be a Body, ot tobe Moveable, )thar is ,' whetcin con- 

iſts the Wifferefice berwixt theſe and other Things, for which 
theſe dre focalled; orhers arc not foealled: : They therefore;that 
ſecke what it is #9be any thing » 45% be Moveable, ro be Hor, &'c, 

ſeek in Things the cauſes of their Names, 

- Andfrotn hence ariſes that diſtin@ion- of Names (touchedin: 
the laſt Chap ,Jinto Concrete and Abſtratt, For Concrete is the Name 
of atiy thing which we ſuppoſe to haye'a being, and is therefore 
called the Sabjeft, in Latine Suppoſitwmns and in Greek yawyyuays 
45 Bedy, Moveable, Moved, Figurates A Cubit high, H ot, Cold, Like, Equal, 

Appics, Lemenlcy and. the like ; and. 4*fraft is chat which in.any 
Toject denotes rhe Cauſe of tlie Concrete Name, as » be a Body, 
rehe Merehlege be Moved, tobe Fighr ate, to be of ſuch. Quantity, te be Hot, 
to be Could, to be Like , to be Equall, to be Appires, tobe ertulus, Fc. Or 

Names equivalent to theſe, which are moſt” commonly called 
eAbſtraft Names , as (orporeity, Mobility » Motion, Figure, Quantity, 
Heat, Cold, Likenefſe, Equality, and (as Cicero has it) Appiety and 
Lentulity. Of the ſame kind alfo are Infinitives ; for :s Live and ro 
Mvve are the ſame with Life ahd orion, or to be Living, and to be 
"Moved, 'But Abſtratt Names denote onely the Cauſcs' of Concrere 
» Names, and not the Things themſelves. For example when we 
ſeeany thing or conceive inour Minde any Viſible thing , that 
Thing/appears to us, or is conceiyed by us ,'not in one Point, 
' but as bike Parts diftantfrom one another , tharis, as being 
"extende&'an filling tonie ſpace. Sccing' therefore we call the 
"Thing fg conceived. Body , the cauſe of rhat name is, that that 
Thing is extended, or the Extenſion or Corporeity of it. So when we 
ſee a'Thing appeare ſomerimes here , ſometimes there , and 
- call it Foros, w: Renwied, the:Catiſc of that Name is that it'#s Mord 
or the Xorion of the ſame. 7. # 65-" frag 
And thefe Cauſes of Names ; *arethe ſame” with the Cauſes 
- of our Conceptions, namely ſome Power or Aion, or AﬀeCtion 
of theThing conceived , Which ſome call the Manner by which 
| wn thing workecs upon our ſehſes, br by moſt men they ate 
Jed Accidents; T'fay Accidents , not ih that ſenſe'in which Acci- 
dent is oppoſed to Neceſſary; but ſo, as being neither the Things 
themſelves , nor parts thereof , do nevertheleſle — the 
Things 
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Things in ſuch manner,that (ſaving Extefor) they may all periſh 
and be deſtroyed, but can never be 4b/trattea, 

4 There is allo this difference betwixt Concrete and Abſtrat 
Names, that thoſe were invented before Prepoſitions , but theſe 
after ; for theſe could have no being till there were Propoſiti- 
ens, trom whoſe Copulathey proceed. Now inall marters that 
concerne this life, but chiefly in Philoſophy , there 15 both. great 
Uſe and great Abuſe of Ab/#ratt Names ; and the Uſe confilts in 
this, that without them we cannot for the moſt part either Rea- 
lon, or compute the Properties of Bodies ; for when we would 
multiply, divide, adde or ſubſtra& Heat, Light, or Motion, if we 
ſhould double or adde them together by Concrete Names, ſaying 
(for example) Hor is double to Hor , Light double to Light , or 
Moved Jouble ro Moved , we ſhould nor double the Properties, 
bur the Bodics themſelves that arc Hot, Light, Moved , &c. 
which we would not doe. But the Abuſe proceeds from this, 
that ſome men ſceing they can conſider, that is (as I [#id before) 
bring into account the Increafings and Decreaſings of Quantity, 
Heart and other Accidents, without conſidering their Bodics or 
Subje&s (which they call A#&/fratting, or making to exiſt apart by 
themſelves) they ſpeake of Accidents, as if they mighr be ſcpa- 
rated from all Bodics. And from hence proceed the grofle errors 
of writcrs of Meraphyſicks; for, becauſe they can inde Thought 
wit!out the conſideration of Body, they inferre there is no need 
of a 'I.:inking-Body; and becauſe Quantity may be conſidered 
without conſidering Body , they thinke alſo that 9vantirymay 
be v-2t!:our Body , and Body without Quantity ; and that a Bo- 
d, i.as Quantity by the addition of Quantity roir. From the 
ſ2me founcaine ſpring thoſe inſignificant words, Abſtratt $S ubſtance, 
*2»5rated Eſſence and the like; as alſo that confuſion of words deri- 
ved irom the Latine Verb et ſt, as E ſſence,Eſſentiality,E nt it 1,E niitartue; 
befdes Reality, eAliquiddity » Rniddity, &c. which could never 
Lave been heard of among ſuch Nations as do not Cop*/are their 
Names by the Verbe 7:but by Adjetive Verbs, as Runnerh,Rea- 
dech, &c. or by the mere placing of one Name atter anorher;and 

'er ibeing ſuch Nations Compunt and Reaſon , it.is evident that 
Þhi'ofophy has no ticed of thoſe words Eſſence, Entity and other 
the like barbarous Termes, 
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- Thereare many Diſtin&tions of Propoſitions, whereof the firſt 
is, that ſome arc Vniverſall, others Particular, others [ndefinice, and 
others Singular ; and this is commonly: called the diſtintion of 
Quantity. An Eniverſall Propoſition is that whoſe ſubje@ 15 affected 
with the ſign 6f an Univerſall Name, as Every man is 4 Living Crea- 
twre. Particslar, that whoſe ſubje& is affeted with the ſign of a 
Particular Name , as Some Man is learned. An 1 ndefinite Propoſition 
has for its Subje&t a Common Name , and put without any ſign; 
as Mans a Living Creature, Man is Learntd, And a Singular Prop jrti- 
is that whole SubjeR 1 a ſingular Name, as Socrates is a Ph-loſo- 
Pher, This man is black, 

6 The Second DiſtinQion is into eAfirmative and Negative, and 
is called the DiſtinRion of Qualiry. An Affirmative Propoſition is that 
whoſe Pradicate isa Poſitive Name, as Mar is 4 Living Creature, 
Negative, that whoſe Predicate is a Negative Name , as Maris 
Not-a-ftone. 

7 The third Diſtinion is, that one is 7r*e, another Falſe. A 
True Propoſition is that, whoſe Prxdicate containes , or compre- 
hends its Subje&t, or whoſe Przdicare is the Name of every 
thing, of which the Subje& is the Name; as as is a Living Crea- 
ewre is therefore a True Propoſition, becauſe whatſoever is called 
He, the ſame is alſo called Living Creature ; and $S onze Man is ſic (G 
is True, becauſe /ick.is the Name of Some <Ha.That which is not 
True, or that whoſe Pradicate does not containe its Subject , is 
called a Falfe Propoſition, as Man is a Stone. 

Now theſe words Trae, Trath, and True Propoſition are equiva- 
lentto one another;For Truth conſiſts in Speech, and not 1n the 
Things. fpoken of; and thouzh 7-#e be ſometimes oppoſed to 
to Apparent or Feigned , it is alwayes to be referred to rhe 
Truth of Propoſition ; "= the Image ofa Manina Glaſle, ora 
Ghoſt, js therefore denyed to be a very Maa , becauſe this Pro- 
pofition, A Ghoſt is a man, is not True for it cannot be denice but 
thata Ghoſt is a very Ghoſt, And therefore Truth ors Verity is 
not any Aﬀeaion of the Thing, burot tlic Prapolition concern- 
ing it, As for that which the Writers of Aeraphyſccks (ay, 
that 4 chivg, One thing, and 4 Very thing, are equivalent to one a- 
noxher, it is but trifling and childiſh; tor who.does not knows thar 
A Man, On: (Man, and a Very Man, (ignifie the ſame. 

8 And 
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$ Andfrom hence is is evident , that Truth and Falſity have 
no place but amohgſt ſuch Living Creatures as uſe Speech. For 
though ſome brute Creatures, looking upon the Image of a Man 
in a Glaſle, may be affected with it asSif it were the Man him- 
ſelie, and for this reafon feare it or fawne upon-it in vain ; Yet 
they doe not apprehend it as True or Falſe, but onely as Like; 
and in this they are not deceived. VVherefore, as men owe all 
their True Ratiocination rothe right underſtanding of Speech; 
$o allo they owe their Errors to the miſunderſtanding of the 
ſame ; andas all the Ornaments of Philoſophy proceed on 
from Man, fo from Man alto is derived che ugly abedicy of Falſe 
opinions. For Speech has ſamething in it like to a Spiders Veb 
(as it was faid of old of Solan; laws;) for by contexture of wards 
render and delicate V1ts are inſnared and ſftopt ; but Rrong 
Wits breake eaſily rhrough them. 

From hence alſo this may be deduced, that the firſt Truths 
were arbitrarily made by thoſe thar firſt of all impoſed Names 
upon Things , or received them from the impoſition of others. 
For it is true (for example) that Mar is 4 Living Creature; but it is 
for this reaſon , thac ir pleafed men to impoſe both thoſe Names 
on the ſame thing. 

9 Fourthly, Propoſitions are diſtinguiſhed into Primaryand a 
Premary. Primary 1s that wherein the Subje&is explicatedby a 
Predicate of many Names, as Many is a Body Animated Rarianall; 
tor that which is comprehended inthe Name Af» is more largely 
. expreſſed in the Names Body, Animated, and Rationall joyned tog©- 
ther; and it is called Primary, becauſe itis firſt in Ratiocination; 
for nothing can be proved, withour underſtanding firſt the name 
of the Thing in queſtion. Now. Primary Propoſctions are nothing but 
Definitions, or parts of Definitions; and theſe onely are the prin- 
ciples of Demonſtration, being Truths conſtirut deat by 
the Inventors of Speech, and therefore not tobe demonſtrated. 
To theſe Propoſitions , ſome have added others, which they call 
Primaryand Principles; namely »Axiomes and Common Notions; which 
(though they be ſo evident chat they need no proofe, yet) betaule 
they may be provedzare not truly Principles; &the lefle to be re- 
ceived for luch, in regard Propoſitions not intelligible, and ſome- 
times maniteſtly falſe,are thruſt on us under the Name of Principles 

E 3 by 


_ 
- 


22 COMPUTATION Part r. 


by the clamour of Men, who obtrude for evident to others all that 
they themſelves thinke True. Alſo certaine Petitions are coimmon- 
ly received into the number of Principles ; as for example, Thar a 
ftreight Ime may be drawne between two points, and other Petitions of the 
Writers of Geometry ; and theſe ars indeed the Principles of 
Art or Conſtruttion, but not of Science and Demonſtration, 

10 Fittly, Propoſitions are diſtinguiſhed into Neceſſary, that is, 
neceſſarily True ; and True, but not neceſſarily, which they call 
Contingent. \ Neceſſary Propoſition is when nothing can at any rime 
be conceived or feigned, whereof the Subje& is the Name, but the 
Przdicate alſo is the Name of the ſame thing ; as Maris a Living- 
Creature is a neceſſary Propoſition , becauſe at what time ſoever 
we ſuppoſe the name Har agrees with any thing , at that time 
the name Living-Creatwre allo azrees with the ſame, But a (ontin- 
gent Propeſition is that Which at one time may be true, at another 
time falſe; as Ever) Crow is Black; which may perhaps be true 
now , but falſe hereafter. Again, in every Neceſſary Propoſirion,the 
Predicate is either equivalent to the Subje&, as in this, Maris 4 
Rational Living-Creature; qrpore of an equivalent Name, as in this, 
CHMan is a Living-( reature, tor the Name Kational Living- (reature, or 
Man, is compounded of theſe two , Rational! and Living-Creature, 
But in a Contingent Propoſition this cannot be ; for though this were 
true, Every Man us 4 Lyar,yet becauſe the word Lyar 15no part of a 
Compounded name equivalent to the Name Man, that Propoſi- 
tion.is not to be called Neceſſ#y, but Contingent , though it ſhoald 

happen to be true alwayes. And therefore thoſe Propoſitions on- | 
ly are Neceſſary, which are of Sempiternal Truth, that 15, true at all 
times. From hence alſo it is manifeſt, that Truth adheres not to 
Things , but to Speech onely; for ſome Truths are eternal ; for ir 
will be eternally truc, if Man, then Livins-Creature ; but that any 
AMan, or Living-Creatwre ſhould exiſt eternally, is not neceſſary, 
11A fixth Diſtin&ion of Propoſitions is into Categorical and Hy- 
theticall, A Categorical Propofition is that which 15 imply or ablo- 
utely ronounced,as Every Man is a Living Creature, No Manis a Tree; 
and Hypetherscall js that which is pronounce conditionally , as, 1f 
apy thing be a Man — is alſo a Living Creature,If any thing be « Man 
the ſame is alſo Not-a-ſtone. X 
A Categorical Propoſition , and an Hypnhetical an ſwering it , doe 
both 


both ſignifie the ſame; if the Propoſitions be Neceſſary, but not 
if they be Contingent. For example, it this, Every Mas is « Lok 
' Creature , be true this alſo will be true , If a7 thing be a Man, the 
ſame s alſo a Living-Creatare; but in Contingent Propofitions,though 
this be true, Every (row is Black, yer this , If any thing be a (row the 
ſam: is Black, is falſe. But an Hypotheticall Propoſition 15 then rightly 
faid to be true , when the Conſequence is true 3 as Every Mar i; 4 
Living-Creature is rightly (aid tobe a true Propoſition, becauſe of 
whatſoever it is truly ſaid That is 4 Ma», it cannot but be truly ſaid 
alſo The ſame is a Living-C reature. And therefore whenſoever an Hy- 
pothericall Propoſition is true , the (ategoricall an{wering it 15 not only 
true , but alſoneceſlary; which I thought worth the'noting, as an 
argument, thar Philoſophers may in moſt things reaſdn' more ſo- 
lidly by H ypot heticall then Categoricall Propoſitions, . 
I2 But ſceingevery Propoſition may be & uſes to be pronounced 
and written in many formes, and we are obliged to ſpeake in the 
ſame manner as moſt men ſpeake ; yet they that learne Philoſo- 
phy from Maſters, had need to take heed they benor deceived by 
the Variety of expreſſions. And therefore whenſoever they meer 
with any obſcure Propoſition, they ought to reduce it to its moſt 
Simple and Categoricall forme; in which the Copulative word 
[: muſt be ex preſſed by ir ſelfe , and not mingled in any manner 
either with the Subje@ or Przdicate, both which muſt be ſepara- 
ted and clcerly diſtinguiſhed 'one from another , For example, if. 
this Propoſition Ma» cas met finne, be compared with this, Man can- 
nor ſinneztheir difference will eaſily appeare if they be reduced to 
theſe, Alas is «ble not to ſinne, and Man is not able to une, where the 
Przdicatesare manifeſtly different, But they ought to doe this fi- 
lently by themſelves, or betwixe them and their Maſters onely; 
for it will be thought both ridiculous and abſurd, for a man to ule 
ſuchlanguage publiquely. Being therefore to ſpeake'of Eqwipo/lent 
Propoſitions, ] put in the firſt place all thoſe for Equipollent, that may 


be reduced prely toone and the ſame Caregoricall _— 

13 Secondly, that which is Categoricall and Neceſlary, is E- 
guipollent to its Hypotheticall Propoſition; as this Categorical, «1 
Roght-lined Triangle has its three Angl:s equal to two Reght angles, to this. 
Hypothetical, /f any Figure be a Right-Imed Triangleythe three eAngles 
of it are equal torwo Right eA, noles, 


14 Alſo. 


» 
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14 Alſo, any two Univerſall Propoſions , of which the 
Termes of. the one (that is, the Subje& and Pxxdicare) arc Con- 
_ tradictory to the Termes of the gather, and their Order inverted, 

as theſe, Every man is 4 Living Creature , and Every thing that is not 4 
Living Creature, is not a Man, are Equipollent, For ſceing Every Man 
a Living Creature 1s a true Propoſition , the Name Living Orearure 
containes the Name Ha; but they are both Poſitive Names; 
and therefore (by the laſt Article of the precedent Chaprer) the 
Negative Name Nor Living Creature containes the Negative Name 
Not Man; Wherefore Every thing that is not a Living Creature is not. a 
CManisa true Propoſition. Likewiſe theſe z No Har #s 4 Tree, 
INo Tree is a Man, axe Equipollems, For if it be'true that Tree 1s nat 
the Name of any Man, then no one thing can be ſignified by the 
rwo Names cMHarand Tree, Wherefore No Tree is 4 Man 15a true 
Propolition. Alſo to this , Whatſoever is not a Living Creature is mot a 
44an, where both the Termes are Negative , this other Propolj- 
tion 1s Equipellent, Oxely a Living Creatyre is 4 Man. 

15 Fourthly, Negative Propoſitions, whether the particle of 
Negation be ſer after the Copy/a as ſome Nations doe; or before it, 
as it is in Latincand Greeke, if the Termes be the ſame, are 
equipollent; as for exam ple , Man is not-a-Tree and Manis not-a-Tree, 
are equipollent, though eAri/orle deny it, Allo theſe, Every Man is 
net aTrer, and No Manis a Tree are equipollent, and that {o mani- 
feitly, as it needs not be demonſtrated. 

16 Laſtly, all Particular Propoſitions that have their Termes 
inverted, as theſe, Some Manis Blind, Some Blind thing is a Man, are 
equipollent; for either of the two Names , is the Name of ſome one 
and the ſame Man; and therefore inwhich ſoever of the two Or- 
ders they be connected, they ſigmfie rhe ſame Truth. 

17 Of Propoſitions that haverthe fame Termes, and are pla- 
ced in the ſame Order , but varied exgher by Quantity or. 9uali- 
ty, ſome are called Sabaltern , others. Comtrar 1 others Subcomrary, 
and others (omradittory. : ; 

Subaltern, are Univerſaland Particular Propoſitions of the fame 
Quality; as , Every Man is 4 Living. Creature , Some Man is a Living 
Creature: or, Noe Man is Wiſe, Some Man is not Wife, Of thele it the 
Univerſal be true, the Particular will be true alſo. * : 

{entrary, are Univerſal Propoſitions of different Quality; « 
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Every Mas'is happy, No Mas is hayyy. And of theſe if offe be true the 
other is falſe; alſo they may both be talſe,as in the example given. 
Sabcontrary, are Particular Propoſitions of differen Quality; 
as Some Man is learned, Sone Mats is #6t 1taracd 3 which catinorbe both 
falſe , but they may be both true, - : 

ContradiFory are thoſe that differ beth in Quantity and Quality 
as Every Manis a Living (renture, Some Man is nag h Living Crexeure; 
which can ncither be both tris, rior both falſe. ; 

18 A Propoſition is ſaid to fo/fow from two othet Propoſitions; © 
when theſe being granted to be true, ircannot be denyed but the 
other is true alſo, For example; ler theſe two Propoſitions, E273 
Man is.a Living ('reaturtz and E very Living Crtatuyt i} 4 Boa , be fup- 
poſed true, thartis , that B944is the Name of Eviry £514ng Crean” 
tureand Living Creatwrt,the Nameof Every Mar. Secing —_—___ 
if theſe be underfood to be truey it cannot be underfiood rhai 
Body is not the name of Every man;thar is,thar Every Man is 4 Body, is 
falſe, this Propoſition will be (aid go follow from thoſe two,or ts be 
neceflarily ferred from them. | 3.1%.” 

x9 That atrve Propoſition may fallow from falſe Propofitzonis; 
may happen ſometimes; but Falls from true, never. For if theſe, 
Every Man is a Stone , and Every Stone is a Living Creature,(which arc 
both falſe) be granted to be true; it is granted alſo that Living Crea- 
Ixre is the name of Every Stone, and Stone of Every Man, that is , that 
Living Creature is the Name of Ever y Man, that is to ſay , this Pro- 
prom Every Man is a Living (reature, j$ true, as it is indeed true. 

heretore a true Propoſition may ſometimes follow from falſe. 
But if any two Propoſitions be true, a falſe one can never follow 
from them. For if ,true follow from falſe , for this rgaſon onely, 
that the falſe are granted to be true , then truth from two truths 
' granted will follow in the ſame manner, 

29 Now ſccing none but a true Propoſition will follow from 
true, and that the underſtanding of two Propoſitions to be true;is 
the cauſe of underſtanding that alſo to be true which is deduced 
from them;the two Antecedent Propoſitions are commonly called 
the Cauſes of the inferred Propoſitzon, or Concluſion. And from 
hence it is that Logicians ſay, the Premiſſes are Cauſes of the Con- 
cluion;, which may paſle , though it be not properly ſpoken ; for 
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though Underſtanding be the cauſe of Underſtanding,yert Speech 
1s not thecauſe ot Speech, Bur when they tay., the Cauſe of the 
Propertics of any thing, is the Thing it ſeit ; they ſpcake abſurd-' 
ly. Eor example, if a Figure be propounded which is Triangu- 
- lar; Secing every Triangle has all its angles togett.cr cqual to 
two right angles, from whence it follows that all the angles of 
thar Figure are equal to two right angles, they ſay for this reaſon, 
that that Figure is the Cauſe of that Equality. Bur ſecing the Fi- 

redoes not it ſelf make its angles , and therefore cannot be ſaid 
to be the Efficient-Cauſe, they call it the Formall-Canuſe ; whereas in 
deed it is no Cauſe at all; nor does the Property of any Figure fol- 
low the Figure , but has its Being at theſame time ;with it ; only 
the Knowledge of the Figure goes before the Knowledge of the 
Properties ; and one Endekddns is truly the Cauſe of another 
Knowledge, namely the Efficient<Cauſe. | 

And thus much concerning Propoſition ; which in the Progreſs 
of Philoſophy is the firſt Step, like the moving towards of one 
Foot.By the due addition of another Step1 ſhall proceed to S yllo- 
giſme,, and make a compleat Pace, Of which in the next Chapter. 
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 Cuae. IV: | 
Of Syllogiſme. 


13 The Definition of .S nlogiſme. 2 In a Syllogiſme theve are but three 
Termes, 3 Major, Minor and Middle Term ; alſo Major and  Mi- 
ner Propoſition, what they are. 4 The Middle Terme in every Syllogiſme 
ouTht tobe determined in both the Propoſitions ts one and the ſame thing. 
5 "From two Particular Propofit ions nothing can be concluded, 6 AS ples 
giſme is the Colleftion of two Propoſitions into one Summe. 7 The Fignre 
of a Syllogiſme what it is. $ What is in the mind anſwering to a Syllog:ſme, 
9 The FS Indireft of nj how it is made. 1© The [cent Indirett Fi- 
gure how made, 11 How the third Indireft Figure is made 1 2 There are 
many Moods in ever ) Figure , bunt moſt of ft Uſeleſſe in Philoſophy. 
13 An Hypotheticall S ilogiſme when equipollent to a C ategoricall. 


. Speech conſifting of three Propoſitions , from 
© trwoof which the thurd fpllowes , is called a 
SYLLOGISME; and that which followes is 
called the Concluſios; the other two Premiſes. 
For example this Speech , Every. man is. a Li- 
ving (Crearwre , Every Living Creature, is @ Bad) , 
=> thcrefcre, £very Man is a Body , is a Syllogiſme, 

'  _ becaulethe third Propoſition follows from the 
wo firſt; that is, if thoſe be granted to be true, - this muſt alſo be 
granted to be true. | | 

2 From two Propoſitions which have not one Terme common, 
no Concluſion can Clio and therctore no Sy/logeſme can be made 
of them. For let any rwo Premiſles, A man is 4 Living Creature, A 
Tree is a Plant, be both of them true , yet becaule1t cannot be col- 
leted from them that Plamt is the Name of a da», gr Man the 
Name of a Plat, it is not neceſſary that this Concluſion; 4 Mar v 
4 Plant ſhould be true, Corollary, Therefore in the Premiſſes of a 
S pllogiſme there can be but three 7 ermes. | | 

Beſides there can be no Terme in the Coxclu/ron, which was not 
in the Premiſſes, For let any two Premiſſes be, 4 Mar is a Living 
(reature , A Living Creature is a Body, jetit any other Terme be pur 
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in the Concluſion, as Afar is two footed; though it be true, it cannot 
follow from the Premiſles , becauſe from them it cannor be col- 
le&ed, that the Name T#» footed belongs to a Man; and therefore 
againe, In every Syllogiſme there cah be but three 7ermes. 

3 Ofthele Termes, that which is the Predicate in the Conclu- 
f1on,is commonly called the <A/ajm+; that which is the $b/e# in the 
Concluſion ,:the Minor, and the other is the Middle Term, as jy 
this Syllogilme , AHManis a Living Creature, A Living (Tature is g 
Body , thereforc, eA Man is a Body, Body is the Major, Man the Minor 
and Living Crearure the Middle Term, Alſo of the Premiſles , that 
in which rhe 2fafor Terme is found , is called'the Major Propoſition, 
and that which has the Ain Term'the Minrr Propyſerion, 

4 If the Middle Terme be not in both the Premiſſes determi- 
ned to one and the ſame fingular thing, no Concluſion will follow, 
nor Syllogiſme be made. For let the Minor Terme be Man,the Mid- 
ale Terme Living Creatire, and the Major Term Lyon; and let the Pre- 
miſſes be Mas us 4 Living Creature, Some Living ( Teature is a Lyon, yet 


it will not' folldw thartgEvery or Any Man is a Lyon, By which it is 
- maniteſt; that in Every yllogiſme, that Propoſition which has the 


Middle Terms for its Subjett, ought'to be either Univerſal or Singular, 
bur not Pirricizlay nor Indefinite. For example, this Syllogiſm, E- 
very Manis a Living Creature, ſome Living ( reature is four-footed, there- 
fore ſome Man is fonr-foored, is therefore faulty , becauſe the Xdiddle 
Term, Living (reatwre, is in the firſt of the Premifſes determined 
oniely to Man, for there the Name of Liping Creatvre is given to 
Min oxel y, but in the later Premtfle it may be underſtood of ſome 
other Living Creature beſides Man, But if the later Premiſſe 
had been Umniverſall , as here, Every Aan is a Living (reathre, 
Every Loving Creature is 4 Body , therefore Every Man 1s a Body , the 
Syllogiſme had been true ; for it would have followed that Body 
had been the Name of Every Living (reature, that is of Mas, that is 
to ſay, the Concluſion Every Man is a Body had. been true, Like- 
wiſe when the I/Pddle Termis a Singular Name, a Syllogiſme may 
be made, I fay a true Syllogiſme, though uſelefſe in Philoſophy, 
as this, Some Man is Socrates, Socrates is a Philoſopher, therefore Some 
Man ts a Phileſopher ; for the Premiſſes being granted, the Conclu- 
fon cannot be denyed . | | 

5 And therefore of two Premifſes , in both which the Middl: 


Terms 
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Terme js P articular, a Sylogi {mg Nel > r0 00 NS 
Middle Texme be the Subje® Ln borh he 55 tics, gr, the, rea 
inboth, or the-54je# in one hal FPWOe Or wall 
not be neceſſarily determined tot -£9L- - 

miſſes be, | 


Some Mas is blind 7 Inboth which the Afadle Term 
Some Mas is learned \ is the S ubjefl 2 cies 


It will not follow, that Blind is the Name of any {*arned Mar, or 
Learned the Name of any Blind Ma», ſeeing the Name Learned does 
not containe the Name Bind, nor this that ; and gherefore it is 
. hot neceſſary that both ſhould be Names of the ſame Man, $0 
from theſe Premiſles. | 


Evugry Manis a Living Creatare In both which the Middle Terme 
Every Horſe 1s a Living Creature Y1s the Predicate, 


Nothing will follow, For ſeeing Living (reatyre is in both of them 
Indefinice, which 1s equivalent to Particular, and that Mar may be 
one kind of Living Creature, and Horſe another kind, 1t15 not nece(- 
ſary thiat Man ſhould the be Name of Horſe, or Horſe of Man. Or if 
the Premiſles be, oy 


Evefty Man is a Living Creature In one of whi h the: Fyidale 
Terme1s t $ get and. [ 

s t3 F 0 ;191 wp 

the other the Predirare, --. 


Some Living Creature 1 four-footed 
The Concluſion will follow, becauſe the Name Living Creature be- 4 
ing not determined , it may in one of them be underſtagd of Man 
in the other of Not- Mas. | Jae 7; ___. 
6 Now it is manifeſt from what has beep ſaid ,. that a Syllo- 
giſme is nothing but a CollteMon of the ſumme of two Eropolith 
ons, joyned together by a common Term , which 'is called the 
Middle Terme, And as Propoſition isthe Addition of two Names, 
ſo Syllogiſme is the addin tc ether Vier 2 "NF A 
78 iſmes arc uſually diſtinguiſhed according to their di- 
tera Figures , that is ky the diverfe Slap attho Zr 
Term, And againc in Figure there 4s 2 diſtin&ion of certain 
Fa | | Moods 
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Moods, which conſiſt of the differences of Propoſitions in @yamiry 
& 2»ality.The firſt Figure is that,in which the Terms are placed 
one after ayorher according to their latitude of S1gnification; in 
which order the Mmor Term is firſt , the Middle Term next, and 
the Major laſt ; aS if the A1iney Term be Man , the ©Ad4le Term 
Living Creature and the cM jor Term Body,theny Maris a Living Crea- 
rure,is a Body, will be a Syllogiſme in the firit Figure; in which, 
Man is a Living Creature , 15 the Minr Propoſition ; the Major, Li. 
ving Creature is a Body , and rhe Corc!:1p1y or ſum of both Man is « 
Body, Now this F:gvre is called Dirett , becauſe the Termes ſtand 
in dirc& Order; and it is varied by 2y4-riy and © valny into four 
Moods, of wich tne firſt 1s that wherein all the Terms are P/- 
tve , and the Minor Term n:verſ4l, as Every Man is a Living Crea- 
gre, Every Livmg (' reature 1s 4 Bay ; inwhich all the Propoſitions 
arc Affirmative and 7niverſa/l. But it the Major Term be a Nezartve 
Name , and the Minor an Univeriall Name, the Figzre will be in 
the ſecond Mood, as, Enmiry Man is a Living Creature , Every Livmg 
(reature is not a Tree, in Wizich the Major Propoſition and Conclu- 
fion are both #»;verſalland Negative, To thele two are commonl 
addded two more; by making the Minor Term Particslar. AIG 
it may happen that both the Major and Middle Termes are Nega- 
tive Terms, and then there ariſes another Mood, in which all the 
Propoſitions are Negative , and yet the Syllogilme will be good; 
25, if the Minor Term be Ma», the Middle Term Nor a Stone, and: 
the Major Terme, Not a Flint, this Syllogilme, No Man is a Stone, 
What [over is not a Stone is not 4 Flint, therefore No Man is a Flint, 1s 
true , though ir conſiſt of three Negatives. But in Philoſophy, 
the. Profeſſion whereof is to eſtablith Univerſall Rules concern- 
ing the Properties of Things, ſeeing the difference berwixt Ne- 
gatives and Affirmatives is onely this , that in the former the Sub- 
je& is affirmed by a Negative Name , and by a Poſitive m the 
later, itis ſuperfluous to conſider any other Mood in dire Fi- 
g*re, beſides that, in which all the Propoſitions are both Uni - 
yerſal and Afhirmative. 

8 .The Thoughts in the mind anſwering to a Dire& Syllogifm, 
proceed in this manner ; Firlt, there is Ccancrved a Phantaſme 
of the thing named, with that AccidentSet Quality thereat for 
which it is 1n the Minor Propoſition called by that name which 
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is the Subje& ; next, the Mind has a Phantaſme of the ſame thing 
with that Accident or Quality for which it hath thename that in 
the ſame Propoſition is the Predicate;Thirdly,theThought returns 
of the ſame thing as having that Accident init, for which it is 
called by che Name thar is in the Predicate of the Major Propo- 
fition; and laſtly, remembring tiat all thoſe are the Accidents of 
one and the ſame thing, it concludes that thoſe three Names 
* are allo Names of one and the ſame thing ; that is to ſay, the 

Concluſion is true, For example , when this Syllogiſme is made, 
Man is a Living Creature, sA Lrving Creatire is a Brady, thercferc Man 
is 4 Body, the Mind conceives firſt an image of a Man ſpeaking or 
diſcourſing, and remembers that that which ſo appears, is called 
Man ; then it has the image of the ſame Man mowing, and remem- 
bers that that which appeares ſo is called Living Creature; thirdly, 
it conceives an image of the ſame Man as filling ſome place or ſpace, 
and remembers that what appeares ſo is called Bedy , and laſtly, 
when ir remembers , that that "thing which was extended, 
and moved and ſpake, was one and the ſame thing, jt concludes 
that the three Names Mar, Living Creature, and Body, are Names 
of the ſame thing, and that therefore Man 5s a Living Creature 18 4 
true Propoſition, From whence it is manifeſt, that Living Crea- 
tures that have not the-uſe of Speech , have no Conception or 
Thought in the Mind, anſwering to a Syllogiſme made of Univer- 
ſall Propoſitions ;. ſceing 1t is neceſiary to Thinke not only of the 
Thing, but alfoby turnes to remember the diverſe Names, which 
for diverſe conſiderations thereof are applied to the ſame. 

9 Thereſt of the Figures ariſe cither trom' the Inflexion , or 
Inverſion of the firſt or dire& Figure; which is done by changing 
the Major, or Minor, or both the Propoſitions into converted Pro- 
poſitions zquipollent to them. 

From whence follow three otfer Figures;of which, two are Ir- 
fleted, and the third Irverted. The firſt of theſe three is made b 
the Converſion of the Major Propoſition. For letthe Minor, Mid. 
dle and Major Terms ſtand in dire& order, thus, an is 4 Living . 
Creature,[s not a Stone, which is the firſt or dire& Figure; the Infle- 
xion will be by converting the Major Propoſition in this manner, 


Man 
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Hon is a Living Creature, Es n 

A ſtone is not a Living ( reature; And this is the ſecond 

Fioure, or the firſt of the Indire&t Figures; im which the Con- 
cluſion will be z Mans mr a fore, For (having ſhewn inthe laſt 
Chap. 14 Article,thatUniverſall Propoſitions converted by con- 
tradition of the Termes are xquipollent, ) both thoſe Syllo- 
giſmes conclude alike; (o rhat if the Major be read (like Hebrew) 
backwards 2 thus, A Living Creature is not a Stone, 1t will be direct 
again, as it was before.. In like manner this Direct Syllogitme, 
Man is not a Tree, is xot 4 Pear-tree, will be made Indire& by convert- 
ing the Major Propoſition (by contradiction of the Termes) into 
anocher xquipollent to it, thus, 

Man is not aTreez 

A Pear-treeis aTree; for the ſame Concluſion will follow, Man 

is nt a Pear-tree, 


But for the Converſion of the Dire& Figure into the firſt Indi- 
re& Figure, the Major Terme in the Dire Figure ought to be 
Negative, For though this Direc, CHMan :ss 4 Living Creature, is a Bo- 
dy be made Indirect, by converting the Major Propoſition, thus, 


AMan is a Living Creature, 

Not a Body is not a Living Creature, Therefore 

Every Man ts a Brdy, yet this Converſion appeares {9 obſcure, 
that this Mood is of no uſe at all. By the Converſion of the Ma- 
Jor Propoſition, it is maniteſt, thatin this Figure, the Mi dle 
Terme is alwayes the Predicate in both the Premiſles. 

10 The ſecond IndircR Figure is made by converting the Minor 
Propoſition , fo as that the Middle Term is the Subje& in both. 
Bur this never concludes Uniuerſally, and therefore is of no uſe 
in Philoſophy. Neverthelefſe I will fer dowa an example of it; by 
which this Dire& Every Mas is a Eavins Creature, 

Every Living Creature is a Bod), 
by Converſion of the Minor Propoſition will ſtand thus, 

Some Living Creature is a Man, 

Every Living Creature is a Body, Therefore 

Some Manis 4 Body. 

Cage Ever - Maris a Li ving Creature, cannot be converted into 
> Every Eiving Creature 154 Man, and therefore if this Syllo- 
g11mec 
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run be reſtored to its Dire& forme, the Minor Propoſition wall 
Ce 59me Manis a Living Creature , and conſ equently the Concluſi- 
on will be Some Man & 4 Bod) , ſeeing the Minor Terme Aſan, 
which is the Subject in the Concluſion, 1s a Particular Name. 
11 The third Indire& or Inverted Figure, is made by the 
Converſion of both rhe Premiſles. For Example, this Direct Syl- 


logilme, 


Every Manis a Living Creature, 

Every Living Creature is mt a Stone, Therefore 

Every Man is not a Stoxe; being Inverted will ſtand thus, 

Every Stone is not a Living Creature 

What ſoever is not 4 Living Creature, is not a Man X Therefore 

Every Stone is not a Man, Which Concluſion is the Con- 
verſe of the Dire& Concluſion, and RI to the ſame. 
The Figures therefore of Syllogiſms, it they ve numbred by the 
diverſe ſcituation of the Middle Terme onely, are but three ;1n 
the firſt whereof the Middle Term has the Middle place; in 
the ſecond , the laſt ; and in the third, the firſtplace. But if they 
be numbred according to the ſcituation of rhe Termes ſimply, 
they are four; for the firſt may be diſtinguiſhed againec into two, 
namely into Dire& and Inverted, From whence it is. evident; 
that the controverſic among Logicians concerning the fourth Fi- 
Sure, is a MCcer Aoylun.yiayz0T contention about the Name thereof; 
for as for the thing it {elfe , it is plain, thar the ſcituation of rhe 
Termes (not conſidering rhe Quantity or Quality by which the 
Moods are diſtinguiſhed) makes four differences of Syllogitmes, 
— wh may be called Figures , or have any ozher Name at plea- 
ure. | 
12 In every one of theſe Figures there are many Moods, which 
are made by varying the Premiſles according to all the differen- 
ces they are capable of, by Quantiry and Quality; as namely, in 
the Dire& Figure there are ſix Moods ; in the firſt Indire& Fi- 
gure, four; in the ſecond, fourteen; and in rhe third,eightcen. But 
becauſe trom the Dire& FigureI reje&ed as ſuperfluous all © 
Moods befides that which con{iſts of Univerſal Propofitions , and 
whoſe Minor Propoſition is Aftrmative , I doe together with it 
reje@rhe Moods of the reſt of the Figures which are made by 


Converſion of the Premittes in the Dare Figure, a 
13 As 
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13#As it was ſhewed before, that in Neceſſary Propoſitions 
a Categoricall and Hypothericall Propoſition are #quipollent; ſo 
likewiſe it is manifeſt that a Categoricall and —_—_ Syl- 
logiſme are zquivalent. For every Categoricall Syllogiſme, as ” 
this 
: Every Man is a Living Creature, 

Every Living (reature is a Body, Therefore 

Every Manis a Body, is of equall force with this Hypothett- 
call Syllogiſme, 


If any thing be a Man, the ſame is alſo 4 Living Creature, 
If an y thing be a Living (reature , the ſame is a Body, Therctore 
If any thing be a Man, the ſame is a Boaj. 
In lize manner, this Categorical Syllogiſme in an Indire@ Figure 
No Stone is a Living Creature, 
Every Manis a Living (reature, Therefore 
No Manis a Stont, Or 
' No Stoneis a Man , 1s Zquivalent to this Hypotheticall 
Syllogiſme. 
If any thing be a Man, the ſame is a Living Creature, 
If any thing be aa Stoxethe ſame is not 4 Living Creatxre, Therefore 
If any thing be a Stone, the ſame is not a Man, or 
If any thing be a Man, the ſame is not a Stone, 


And thus much ſeemes ſufficient tor the nature of Syllogiſrhes; 
(for the doctrine of Moods and Figures is clcerely delivered by 
others that have written largely and profitably of the ſame.) Nor 
are Precepts ſo neceſſary as Practice for the attaining of truc 
Ratiocination; and they that ſtudy the Demonſtrations of Ma- 
thematicians, will ſooner learn true Logick, then they that ſpend 
time in reading the Rules of Syllogizing which Logicians have 
made ; no otherwiſe then little Children learn to goe;, not by Pre- 
cepts , but by exerciſing their feet. This cherokee may ſerve 
for the firſt Pace in the way to Philoſophy. 

In the next placeI ſhall ſpeak of the Faults and Errors, into 
which men that reaſon unwarilv , arc apt to fall; and of their 
Kinds and Caules, | 

GHAP. 


For LI0cr 912, 
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% [re Crnae. V. 
of Erring, Fallity and Captions. 


' 1., Erying and Falſity how they differ, Error ef the eAſind by it ſelfe without 
the uſe of Wards , how it l:appens, 2 A ſevenfold Incoherency of Names, 
every one of which makes allwayes a falſe Propoſition, 5, Examples of the 
firſt manner of Incoherency. 4 Of the ſecond. 5 Of the third, 6 Of th: 
fourth. 7 Of the fifth. $8 Of the fxerch, 9 Of the ſevemh. 10 Falſity 

c of Propoſitions detetted by reſolving the Terms with Definitions continued 
till they come to Simple Names, wv Names that are the moſt Generall of their 
hind. 11 Of the fault of a Syliogiſme conſiſting in the Implication of the 
Termes which the ( opula 17 Of the fault which conſiſts m Equivecat i- 
en. 13 Sophiſticall Captions are oftner faulty in the maiter then inthe 


forme of Syllogiſmes, 


+: 


=JEn arc ſubject to Erre not onely in Aﬀirma- 
ing and Denyjng;but alſo in Perception, 
and in ſilent Covitaticn, In Afarming 
and Denying , when tl cy call any thing 
| by a Name, whic 1 is rot the Name 
thercot; asit frem ſccing the Sun firſt 
by ref!ction in Water , and after- 
\[] wards again dirc&ly in the Firma- 
— ment, wc 1thould ro both thoſe appear- 
ances give the Name of Sunne , and fay there are two Sunnes; 
which none but men can dce; for no othcr Living Creatures have 
the uſe of Names. This kind of Error onely deſerves the name of 
Falſity,as ariſing, not from ſcnſe, nor from the Things themſelves 
but from pronouncing raihly; for Names have their conſtitution, 
not from the Species 6t Things , but from the V ill and Conſent 
of Men. And hence it comes to paſſe, that men _—_— Falſely 
by their own negligence , in departing from ſpch appellations 
of things as arc a2rced upon and are-not deceived neither by 
the Things, nor by the Scpſe ; tor they donor perceive tharthe 
thing they ſec is called Sunne , but rhey give ir that Name from 


| theirowne will and agreement, Tacite Errors, or the Errors of 
—_— y G Sen(c 
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Senſe and Cogitation, .are made; by paſſing fromone Imaginati- 
tion to the Imagination of another different thing; or by feign- 
ing that to be Paſt, or Future , which never was, nor ever ſhall 
be; as when by ſeeing the Image of the Sunne in Water, we 1ma- 
ginc the Sunne it 1clfe to be there z or by ſecing ſwords, thar 
there has been or ſhall be fighting, becaule ir uſes to be ſo for the 
moſt partz or when from Promiſes we feigne the mind of the 
Promiſer to be ſuch and ſuch; or laſtly, when from any Signe we _ 
vainly imagine ſomerhing to be ſignified, which is not. And Er- 

rors of this ſort are common to all things that have ſenſe; and yer 

the Deception proceeds neither from our fenics, nor from the 

Things we perceive; but from our {elves , while we fcigne ſuch 

things as are but meer Images , to be ſomething more then Ima- 
get. But neither Things, nor Imaginations of Things can be laid 

ro be Falſe, ſccing they are truly what they are ; nor doc they as 
_ promiſe any thing which they do not pcrforme ; for they 
indeed do not promiſe at.all , but we from them; nor doe the 

Clouds, bur we from ſecing the Clouds, ſay it ſhall rain. The 

beſt way therefore to free our ſclves from ſuch Errors asariſc 
from naturall Signes, is firſt of all, before we begin to reaſon con- 

cerning ſuch conje&turall rhings , to ſuppoſe out ſelves ignorant, 

and then to make uſe of our Ratiocination ; for theſe Errors pro- 

ceed from the want of Ratiocination; whereas Errors which con- 
fiſt in Affirmation and Negation, (tha: is, the Falfity of Propoſi- 
tions) proceed only from Reaſoning amiſle. Of theſe theretore, 
as repugnant to Philoſophy , I will ipeake principally. 

2 Errors which happen in Reaſoning, that is , in Syllogizing, 
con{iſt cither in the Fallity of the Premiſſes , or of the Inference. 
In the firſt of theſe caſes, a Syllogiſme is ſaid to be faulty in the 
Hatter of it; and in the ſecond caſe, in the Forme, I will firſt 
con{1der the Matter, aq rang; how many way©s a Propoſition 
may be falſe; and next the Forme , and how it comesto paſs, 
that when the Premiſses are True, the Inference is notwith- 
ftanding Falſe. - 

Seeing therefore that Propoſition onely is True, (Chap. 3. Art. 
- 7.) in which arc copulated two Names of one and the ſamething; 

and chatalwayes Falſe, in which Names of different things are 
Copulated ; look how many wayes Names of afferent things 
' mMmryeo 
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may be copulated ; and ſo many wayes a Falſe Propoſition ny. 
OED AER... " * - LICE oy 

Now all things to which we Jive Names 5 titay be'redutced to 
theſe four kinds, namely, Bodies, Accidents, Phantaſwes, and Nitimres 
themſelves; and therefore 1h every true Propolitjon ir is necefſa- 
ry that the Names copnlated, be both of thefit Nanyes of Bede, 
or both Names of Accidents, or barh Names of Phartaeſmes, 'br both 
Names of Nemer. For Names orherwiſe'copulated & incolid- 
rent, and conftirute a Falſe Propofitioft. 'It nay Happfialfs'%3r 
tie Name ofa Body, of an Accident ,'or of 's Phancaſvc thi 
copulared with the Name of a 552ech. $6 thar copulated Names 
may be Incoherent ſeven manner of wayes, | 


x If the Name ofa Body Y ſthe Name of an «Accident. 
2 If the Name of a B»dy T | the Name of a Phantaſme. 
3 It the Name of a B-4y 2 |rthe Name of a Name. 

4 It the Name of an «Accident |'2-| rhe Name of -a Phantaſme. 
5 If the Name of an eAccident > B2 the Name of a Name. © 
6 If theName of a Phautaſm:| 2! the Name of a Name. 

7 It the Name of a Bod, ot | 01 , 
. an Accid:nt or of a Phar- 7 | the Name of a Speeth; 


t4ſmes J Y 


Of all which I will give ſome examples, ns 4 wy 
3 Afcerthe firſt of theſe wayes Propoſitions are falſe, when 
Abſtrat Names are copulated with Concrete Names as (ih 
Latine and Greek ) Eſſe eſt Ens, Eſſenti4 ft En, io Ti WW «#21 ( 5.) 
Qwuidditas eft Ens, and many the like which arc tound in Ariftotles 
HMetaphyſicks. Allo, the Nl underſtanding worketh, the Wnderſtayding 11- 
derſtand:th;the $ ight ſeth, A Bady 15S Aagnitude, A Body is Quantity, A 
Body iS Exteyfion , To Be a Man is 4 Man, Whitentſſe js 4 White thing, 
&c. which is as if one ſhould ſay The Runner is the Running, or the 
Walke walketh, Moreover, Eſſence iS ſeparated, Subſtance 15 eA bſtratted, 
and others like rheſc, or derived from theſe (with which com- 
mon Philoſophy abounds). For ſecing no S#bjet# of an Accident, 
(that is, No Body) is an Accident; no Name of an Accident ought to 
be given to a Body, nor of a Body to an Accident, wy 
4 Falſe in the ſecond Manner are — Propoſitions as _ 
2 
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\ Ghoſt is a Bedy, or a Spirit, that is, a thinne Body; Senſible Species 
fly np and down in the Air, or are moved hither and thither, which is pro- 
per. to Bodies; al{o, A Shadow is Aoved, or 1s 4 Body; Light is Moved, 
OL.is a Body ; (olour is the Objett of Sight , Soundot Hearing ; Space or 
Place is Extended; and innumerable others. of this kind.. For ſee- 
ing Ghoſts, ſenſible Species, a Shadow, Light, Colour, Sound, Space, &c, 
appcare to us no lefle fleeping then waking, they cannor be 
things without us , but onely Phantaſmes of the mind that imagins 
them; and therefore the Names of theſe, copulated with the 
Names of Be4ies,cannot conſtitute a true Propoſition. 

5. Falſe Propoſitions of the third kind , arc ſuch as theſe; 
Genus eft Ens, UWmverſale eſt Ens, Ens de Ente Predicatur,For Genizs, and 
Univerſale, and Predicare are Names of Names, and not.of T hings, 
Alſo Number is Infinite, js a falſe Propoſition; for no number can: 
be Infinite , but onely the word Numver is then called an Indefi- 
nite Name when there is no determined Number anſwering to it 
in the Mind. 

6 Tothe fourth Kind belong ſuch falſe Propoſitions as thele,, 
Us Objelt is of ſuch Magnitude or Figure 4s appeares to the Beholders; Co- 
lour, Light, Sound, are in the Objett; and the like. For the ſame Ob- 
je appeares ſometimes greater ſometimes /eſſer, ſometimes ſqxare, 
ſometimes ro9#»d according to the diverlity of the Diſtance and- 
Medium; but the true Magnitude and Figure of the thing ſcen is 
allwayes one and the ſame; ſo that the magnitude and _ 
which appeares .is not the true magnitude and figure of the 
Objc& , nor. any thing bur Phantaſme ; and therefore in ſuch 
Propoſitions. as theſe, rhe Names of Accrdems are copulated with 
the Names of Phantaſmes. 

7 Propoſitions are falſe in the fifth manner,when it is ſaid that 
The Definition is the Eſſence of a thing; Whiteneſſe, or ſome other Acci- 
dent #5 the Genns, or Hniverſal, For Definition 1s not the Efſexce of any 
thing > but a {| pcech ſignifying what we conceive of the Eſſence 
thereof; and ſo alſo not Whitencſle it ſelfe , but the word Whire- 
eſſe, 15 a Genus, or an Kniverſall Name. 

8 Inthe ſixth manner they Errezth:at ſay the 7dea of azy thing is U- 
ziverſal; as it there could be in the Mind an Image of 4 Man which 
were not the Image of ſome one Man, but of Man imply, which is 


impoſſble ; for every de is one , and of onet hing ; but they = 
C- 
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deceived in this, that they put the Name of the thiifp forthe 1dc.s 
thereof. | | 

9 They erre in the ſeventh manner, that make this diſtin&i. 
on berween things that have _ » that ſome of them exiſt by 
themſelves , others by Accident, Namely , becauſe Sccrares is a Man is 
a Neceſſary Propoſition , and Socrates is « Muſicien Contingent 
Propoſition, therefore they ſay ſome things exif neceſſarily or 6, 
themſelves, others contingent ly og by Accident, whereby,ſ{ceing Neceſſa- 
ry, Contingent, By it ſelfe, By Agcident, are not Names of Things, but 
of Propoſitions, they that ſay any thing that has being, exiſts by Accident, 
copulate the Name of a Propoſition with the Name of a Thing. In 
the ſame manner alſo they Erre , which place ſome Ideas in the 
Underſtanding, others in the Fancy ; as if from the Underſtand- 
ing of this Propoſition Man is a Living Creature, we had one Idea or 
Image of a Man derived from ſenſe to the Memory , and another 
ro the Underſtanding ; wherein that which deceives them is this, 
that they think one /dea ſhould be anſwerable to a Name, another: 
to'a' Proportion; which is falſe; for Prepoſition ſignifies onely theor: 
der of thoſe things one after another , which we obſerve in the 
ſame 14:4 of Man; ſo that this Propoſition Afar is a Living Creature, 
raiſes but one 1dea in us,though in chat /dea we conſider that firſt, 
for which lc is called 2a», and next that for which he is called 
Living Crearure. TheFalfitics of Propoſitions in all rheſe ſeveral 
manners, is to be diſcovered by the Definitions of the Copulated 
Names. ' 

10 But when Names of Bodres are copulated with Names of 
Bodies,Names of Accidems with Names of Accid-nts, Names of Names 
with Names of Names, and Names of Phantaſmes with Names of 
Phantaſncs, if Wwe nevertheleſle remaine (till doubttull whether 
ſuch Propofitions are true; we ought then in the firſt piace 
ro fincl out the Definition of both thoſe Names, and againe the 
Definitions of ſuch Naſnes as are in the former Definition, and 
{o procced by a continuall Reſolution till we come to a ſimple 
Name, that is, to the moſt Generall or moſt Univerſall Name of 
that kind; and if after all this the Truth or Falfity thereof be not 
evident, we mult ſearch it out by Philoſophy, and Rariocination, - 
beginning from Definitions. For every Propoſition Univerſally 
true, is either a Definition, or partof a Dcfyution,or the evidence 
of it depends upon Definitions, . 11 Tt. at: 
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- + LI Thatfault of a-Syllogiſme which lyes bid in the Forme 
thereof, will allwayes be found either in the implication of the 
Copula wigh one of the Termes, or in the A&quivocation of fome 

' word; and in cither of theſe wayes there will be four. Terms, which 
(asI have ſhewne) cannot ſtand ina true Syllogiſme. Now rhe 
implication of the Copula with either Terme, 15 cafily detefted 
by xeducing the Propoſitions to plain and cleere Przdication; as 
(tor example) if any man ſhould argue thus, 


The Hand toncheth the Pen, ® 

The Pen towtheth the Paper, Thereforc 

The Hand toucheth the Payer, whe Fallacy will cafily appear 
by reducing 1t, thus, | 

The Hand, is, touching the Pen, 

The Pon, is, touching the Paper, Thereforc 

The Handis, touching the Papey; where there are manifeſtly 
theſe four Termes, T he Hand, Touching the Pen, The Pen, and T oxch- 
1 ing the Paper. But the danger of being deceived by S&phiſmes of 
. this kind , does not ſcem to be (o great, as that I need miift long- 
er upon them, 


12 And though there may be Fallacy in Zquivocal Terms, 
tin thoſe that be manifeſtly ſuch there is none at all; nor in 
Metaphors; for they profeſle the transferring of Names from one 
ing to another. Nevertheleſſe ſometimes Aquivocalls ( and 
thoſe not very obſcure) may deceive; as in this argumentation, 
It belongs to Mutaphy ſichs, to treat of Principles; But the firſt Principles of 
all, is, that the ſame thing cannot both exiſt and not exiſt at the ſams time; an4 
__ it belongs to Metaphy/icks to treat whether the ſame thing may both 
exiſt and not exiſt at the ſame time; where the Fallacy lies in the A- 
quivocation of the word Prixciple; for whereas Ariſtotle in the be- 
ginning of his Metaphylſicks ſayes, thar the treating of Principles be- 
tongs to primary ſcipnce, he underſtands by Trinciples, Cauſes of things» 
and certaine Exiſtences which he calls Primary; but where he ſayes 
A Primary Propoſition is 4 Principle, by Principle there he means the be- 
8inuing and cauſe of Knowledge , that is the underftanding.ot words, 
which if any man want, he is incapable of learning, 5 
7 3 But the Captions of Sophifts and Scepticks , by which they 
were wont of old to deride and oppoſe Truth , were leukyic 
| Gs | t 
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the moſt part, not in the Forme , bur in the Matter of Syllogiſme; - 
and they deceived not others oftner then they were 

deceived. For the force of that famous argument of Zeno againſt 
Motion, conſiſted in this Propoſition, #harſeever may be divided into 
parts infinite in number , the ſame is infinite; which he without doubr 
thought to be true, yer nevertheleſle is falſe. Faggto be divided 
into !7fizite parts, is nothing elſe bur to be divided Wo 4: many parts 
1s axy man will But it is not neceſlary that a Line ſhould have parts 
infinite in number, op be infinite g Sor I can divide and is 
vide it as often as] Peaſe; for how many parts ſoever [ make;yet 
thcir number is finite z but becauſe he that ſayes Pars , ſimply, 
without adding how many, does not limit any number , but leaves 
it to the determination of the Hearer,therefore we ſay commonly 
a line may be aivided infinitely 3 whuch cannot be true in any o- 
ther {enſe. ; 

And thus much may ſuffice concerniug Sylegiſme, which is as it 
were the firſt Pace towards Philoſophy ; in whichT have ſaid as 
much as is neceſsary, to teach any man from whence all true ar- 
gumentation has 1ts force. And toenlarge this Treatile withall 
that may be heaped together, would be as ſuperfluous , as if one 
ſhould (as I ſaid before) give a young child ” for the tea- 
ching of him to goe; for the Art of Reaſoning is not ſo well learn- 
ed by Precepts as by PraQice, and by the reading of thoſe books 
in which the Concluſions are all madeby ſevere Demonſtration. 
_ _ I paſs on to the way of Philoſophy, thar is, to the Method 
of Study. 


WW : 


CoMPUTATION 


Cunae. VI, 
[4 Of Method. 


1x Method and Science defined, 2 It ts more eaſil 'y known concorni xg Singn- 
lar then Wniverſall things, That they are ; and contgarily , it ir more eaſily 
kuowne concerning Univerſall then Smgular things, Why they are , or 
what are their Cauſes. 7 What it is Philoſophers ſeek, rokmow, 4 The 
firſt Part, by which Principles are found out is purely Analytical. 5 The 
higheſt (auſes , and moſt Uriverſallin every kind, are _—_— by them- 
ſelves. 6 Method from Principles fonnd out , tending to Science ſomp- 
- ty, what it is. 7 That Method of Civill. and Natsrall Science which 
proceeds from Senſe to Principles, is Analytical ; and againe that which 
begins at Principles , is Syntheticall, $ The Method of ſearching ont, 
whether any thing propeunded , be e Matter or Accident. 9 The Method 
of ſeeking whether any Accident be in this , or in that Subjeft, 10 The 
CHMethod of ſearching after the Cauſe of any Effet propounded. 11 
Words ſerve to Invention,as Markes; to Demonſtration, as $ tones. 12 The . 
Method of Demonſtration is Symheticall, 1 1 Definitions onely ave Pri- 
mary and Univerſal Propoſiticns, 14 The Nature and Definition of a 
. Definition, 15 The Properties of a Definition, 16 The Nature of a 
Demonſtration. 17 The Properties of a Demonſtration,and Order of things 
. ro be demonſtrated. 18 The Faults of a Demonſtration. 19 Why the Ana- 
lyticall Method ofGeametricians canmt be treated of in this place, 


Or the underſtanding of Method,it will 
be neceſlary for me torepeat the de- 
finition of Phyoſophy , delivercd a- 
bove ( Chap. 1. Art. 2.) in this 

+ manner , Philoſophy is the knouledge 

we acquire by true Ratiocination , of Ap- 

peararces, or apparent Effefs , from the 
kronledge ne have of fome peſſible Pro- 
dufion or Generation of the ſame; and of 
ſuch Produttion as has beez or may te, 
from the _— we have of the Effes, METHOD therefore in the 
Study of Philolophy , 25 the ſhorteſt nay of finding out Efefts Ly their 


known 
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known C auſes, or of Cauſes by their known Efjefls.. But we are then faid 
eo Rm Effet, when'we know , that there be Canſes of the ſame, 
and inwhat Subief thoſe Cauſes are , and tn what Sabie3 they produce 
that Effe, and is what Manner they work the ſame. And this isthe 
Science of Cauſes, or as th irof the Ari. Allother Sci- 


ence, which iscalled the 7: ICS by Senſe, or 
the maginati 1, or Memory remaining after Perception, 


ſt therefore of Knowledge, are-the Phan- 
caſmes of $ agination'; and that there be fuch Phan- 
eaſmes we know well enough by Nature ; bur co know. why they 
be, or from what Cauſes ti ror wars is. thewark of Ratio 
nation ; which confiſts (as is {aid above, inthe x. Chap. 2.Arr.) 
in Compoſitzon, and Diviſion or Reſolutzor, There is therefote no 
Method, by which we find out the Caules of things, but is either 
Cup or Reſoluteue, or partly Compoſitile, and partly Reſolateve, 
And the Reſolutive is commonly called Analytical Fo lr » as 
the Compoſitive is called Syzthetzcall. 

2 It is common to all forts of Method, to proceed fromknown 
m_ to unknown; and this is manifeſt from the cited Definirion 
of Philoſophy. But in Knowledge by Senſe , the whole objeR is 
more known, then any part thereof; as when we ſeea Man the 
Cnm__—_ or _ _ of on Maz is firſt or pa then 
the partzouwlay Ideas of his being fi gurate, anmmate, and rationall;rhar is; 
we firſt fon the whole Man , I cabenctineCiis ng » e 
we obſerve in him thoſe other Particulars. And therefore in 
knowledge of the 77; , or that any thing xs, the beginning of our 
ſearch is from the whole /dea ; and contrarily, in our | 
of the lym or of the Cauſes of any thing, thar is,.in the Stiences, 
we have more knowledge of the Cauſes of the Parts;:then of the 
Vhole. For the Cauſe of the Whole is compounded of the 
Cauſes of the Parts ; but it is neceſſary that we the thi 
that are to be compounded, before we can know the whole Come 

d.Now by Parts,I do not here mean Parts of the thing it ſelf, 

ut Parts of its Nature;as,by the Parts of Man I do not unde 
his Head , his Shoulders, his Arms, &c. but his Fi s Quan- 
tity, Motion, Senſe, Reaſon, and the like; which Foxideats be- 
ing compounded or put together, conſtitute the whiole "Nature of 
Man, but. not the man himſclic. —Y this is the meaning of thar 


common. 
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commonAaying, namely, that fomethinigs\are more knowne to 
7s, orbers more-known to Nature Hor/{1do:nat:;3hinke, that they 
which. ſo diſtinguiſh, mean, that ſomething is known to Nature, 
which is known to no man ; and therefore z by thoſe things that 
aremore:known-to Us, weare to underſtand, things we take no- 
tice of iby cir Senſes.) and by. more known to: Nature, thoſe we 
acquire the kndwledge of by Reaſon z for io this {ene it 3s; ithar 
the hoe , that. is, thoſe things that have Univerſal Names, 
(which for brevities fake I call #zruerſall ) are more knowne to-us 
thewthe Pares,;thatis, ſuch things as have Names lefle Uuiverſal, 
(which I: chevefore (call Sneular 5) and the: Cauſes of the Parts, 
aremore-known to' Nature then the: Cauſe of the VWhole, that 
its, Univerſalls then —_ | ti10) Tn | 
;3:Inthe Stady.of Philoſophy men ſearch after Science cither 
Simply, or -Indefinitely z thatis, ro know as much as they can, 
withour propounding to themſelves: any limited queftion ;- or 
they enquire into the Cauſe of tome determined Appearance , or 
ny Joorsa to-find:our the certainty of ſomething in queſtions 
as what is the cauſe of Light, of Heat, of Gravity , of a Figure pro- 
pounded ,' and the like; or in what Subze#t any propounded Accr- 
dent is ifdhzrett z or what may conduce-moſt tothe gereratzon of 
ſome propounded' Effett from many Arczderis ; or in what manner 
particular Cauſes gughrro be compounded for the production 
ot ſome certaine Effe&, Now according to this variety.of things 
in:queftion , ſometimes rhe .Azalyticall Method is to be uſed , and 
ſometimes the Syzthetical, | : | 
-; 4>Burto thoſe thar ſenrch after: Science indefinitely, which 
confilts in the knowledge of the Cauſes of all chings,as far forth as 
irmay be attained; ahd the:Cauſes of Singular things are com- 
pounded of the Cauſes sf Univerſall or Simple things , it is ne- 
ceffary that they know the Cauſes of Univerſall things, orof ſuch 
Accidents asare common ro all Bodies, chatis , toall Matter, 
before rhey can know. the:Clauſes of Singular things 4 that 1s; of 
thoſe Accidents by which one thing is diſtinguiſhed from ano- 
ther, ' And againe they muſt. know whav thoſe Univerſall rhings 
are, before they can know their Cauſes. Moreover, ſeeing Uni- 
verſall things are containcd in the' Nature .of Singular things , the 
knowledge of them is to be. acquired by Reaſon , rhat ing y Re- 
abM{E14) O1UtLON 
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ſolurion. For example\/ ifehiexe be'propounded-a Conception 
or 1deaof fome PL thi 49 # Shware this Square1s 
to be reſolved into a May, terminated with a tertheus' quail 
ard ſtraight knes axd vight angles. For by rp ot mac 
theſe thungs Univerſall or agreeable ro all Matter; 'namely,\Zine, 
Plain, (which containes Superficres,) Terminated, —_— robtnefs, 
Refiitude and Equality; and if we can find-ourtthe | theſe, 
we may conkeranh chem all rogerher ro the Cauſe of a Squate, - 
Againe, if any mar propound to himſelfe the ? py] 
Gold, he may by Reſolving come to the'Jdeas off Swe , VIpMt, 
Heavy, (that is, tending to the Center of- the Earth ,*or down- 
wards, ) and many other more Univerſall then Gold it ſelte; 
and theſe he may Reſolve againe, till he'come ro ſuch' things as 
are moſt Univerſall. And in rhis 'manitr by Reſolving conmu- 
ally, we may come to know what thoſe things/are, whoſe C av- 
ſes being firſt known ſeverally , and afterwards compounded, 
. bring us ro the Knowledge of Singular things. 'I conchide there- 
fore, that the Method of attaining ro che Univerſal Knowledge 
of Things, is purely Anahtizal, oo OD 
5 Bur the Canfes of Univerſall things (of thoſe/at'teaRt; thar 
have any Cauſe) are manifeſt of themſchnes; or (as they ſay com - 
monly) known to Nature; ſo that they need no Method at all; for 
they have all but one Univerſall Cauſe , which'tss Motion.” For 
the variety of all Figures ariſes our of rhe variery of rhoſt Mo- 
tions by which chey are niade ; and Motion cannot be'tinderſtood 
to have any ather Cauſe beſides Motion ; not has the Variety of 
thoſe things we perceive by Senſe, as of Colaurs, Sounds, SEumrs fc. 
any other Cau ſe then Motion, reſiding partly in the Obje&s that 
work upon our Senſes, and partly in our ſelves, in fuch'man- * 
ner, as that it is manifeſtly ſome kind of Motion,;though we can- 
not without Ratiocination come to know what kind. For though 
many cannot underſtand till ir be in ſomeforr demonſtraredro 
them, that al Mutation conſiſts in Motion ; yet this happens not 
from any obſcuriry in the thing it ſelfe , (for itis not intelligible 
that any thing can depart either from Reſt , or-from the Motion 
it has, except by Motion;) bur either by having their Naturall 
Diſcourſe corrupted with former -Opimons received fromtheir 
Maſters , or elſe for this , that they do not at allbend theinmind 
to the enquiring out of Truth, Ha 79 6. By 
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- 6 By the Knowledge therefoxe of Univerſalls, and of their 
Cauſes (which are the firſt Frinolpinoby which we know 
over: of things, we have in the firſt place their Definitions, 
(which are nothing bur the explication of our Simple Concepti- 
ons.) Forexample, he that has a true Conception of Place, can- 
not be j of this Definition, Place is that ſpace which is poſſeſ-- 
ſed or lea adequately by ſome Body; and ſo, he that conceives Motion 
aright, cannot bur know, that Xdotion 15 the prevation of one Place, 
e acquiſitzon of another. In the next place, we have their Ge- 
nerations or Deſcriptions; as, (for example,) that s Line ic made 
by the Motzon of a Point, Superficies Ly the Motion of a Line, and one Mo- 
tzon &y another Motiong9c. It remains, that we enquire, what Mo- 
tion ſuch and ſuch Effeas; as, what Motion makes a 
Straight line , and whata Circular; what Motion thruſts , what 
drawes, and by what way ; what makes a thing which is ſeen or 
heard, to be ſeen or heard ſometimes in one manner, ſometimes 
in another. Now the Method of this kind of iry , is Compoſs-. 
2:ve, For firſt weare toobſerve what EfteR a moved pro- 
duceth, when we conſider nothing in it beſides its Motion; and we 
{ce preſentlythat this makes a Line, or z next, whatthe 
Motion of a long Body produces, which we find to be Superficies; 
and fo forwards , till we ſee what the Effe&s of Simple Motion 
are; and thenin like manner , weare to obſerve what proceeds 
from the Addirion, Multiplication, SubſtraQion and Diviſion of 
theſe Motions, and what Effc&s, what Figures , and what Pro- 
perties they produce; from which kind of Contemplation ſprung 
that part of Philoſoph which is called Geometry. Þ: 
From this conſideration of what is produced by Simple Motion, 
we are to paſle tothe conſideration of what Effects one-Body mo- 
ved worketh upon another ; and becauſe there may be Motion in 
all the ſeverall parts of a Body , yet ſo as that the whole Body re- 
main ſtill in the ſame place, we muſt enquire, firſt, what Motion 
cauſeth ſuch and ſuch Motion in the whole, that is, when one Bo- 
dy invades another Body which is either at Reſt, or in Motion, 
what way, and with what ſwiftneſſe the invaded Body ſhall 
move; and again, what Motion this ſecond Body will generate 
in a third; and ſo forwards. From which Contemplation ſhall be 
drawn that part of Philoſophy which treats of Motion, 
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In the Thi wenmh proceed tothe Enguiey 
fects, as are made by the Motion of the Parts of any Body , 8s, 
how it comes to paſſe, that things when they are che ſame, yer 
ſeeme not to be rhe ſame, but c ed. And here the things we 
ſcarch after are ſenſible Qualities , ſuch as Light, Colony, Tran 
rency » Opacity , Sound , Odour , Savour , Heas , Cold and the " 


x& of Phyſicall Contemplation. 
Things are to be ſearched after in the order aboveſaid , is, thar 
Phyfiques cannot be underſtood, except we know firſt what Mo- 
tions are in the ſmalleſt parts of Bodies;.nor ſuch Motion of Parts, 
till we know what it is that makes another Body move nor this, 
till we know what Simple Motion will effe&, And becauſe all Ap- 
pearance of things to ſenſe is determined, and made to beot fuch 
and ſuch Quality and G_y by Compounded Motions, every 
F one of which has a certaine degWe of Velocity , and a certaine. 
and determined way, therefore inthe firſt place we are to ſearch 
out the wayes of Motion ſimply , (in which Geometry conſiſts,) 
nextthe wayes of ſuch generated Motions as are manifeſt ; and 
laſtly the wayes of internal and inviſible Motions, (which is me 
#1 n- 
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Enquiry of Naturall Philoſophers.) And therefore they that ſtu- 
dy Narurall ary 5 ſtudy in vaine , ex they begin ar 
Geometry z and ſuch Writers or Diſputers thereof, as are is 
norant of Geometry, do but makerheir Readers and Hearers loſe 
their time, 

7 C:uill and MoralBPhiloſophy doe not ſo adhere to one another, 
but that they may be ſevered, For the Cauſes of the Motions of 
the Mind are known not onely by Ratiocination , but alſo by the 
Experience of every man thar rakes the paines to obſerve thoſe 
Motions within himſelfe. And therefore not only they that have 
attained the knowledge of the Paſſions and Perturbations of the 
Mind, by the Syzthericall Method and from the very firlt Principles 
of Philoſophy , may by proceeding inthe ſame way come to the 
Cauſes and Neceſfi of conſtituri ys 9s par and to 
get the Knowledge of what is Naturall Right, and what are Ci- 
vill Duties ; and in every kind of Goverment , what afe the 
Rights of the Commonwealth , and all other Knowledge apper- 
taining to Civill Philoſophy , for this reaſon, that the Principles 
of the Politiques conſiſt in the Knowledge of the Motions of the 
Mind, and the Knowledge of theſe Motions from the knowledge 

of Senſe and Imagination; but even they alſo that have not learn- 
ed the firſt part of Philoſophy,namely Geometryand Phyſiques, may 
notwithſtanding attain the Principles of Civill Philoſophy , by 
the Aralyticall Method, For if a Queſtion be propounded , as he- 
ther ſuch an Afton be Juſt or Uniuſt ;, if that Kniuſt be reſolved into 
FaR againſt Law, and that notion of Law into the Commazd of him or 
them that have Coererue Power; and that Power be derived from * 
the 7s of Men that conſtitute ſuch Power to the end they may 
live in Peace, they mayat laſt come to this, that the Appetites 
of Men and the Paſhons of their Minds are ſuch, that unleife they 
be reſtrained by ſome Power,they will alwayes be making warre 
upon one another; which may be known to be ſo by any mans ex- 

' perience, that will but examine his owne Mind. And therefore 
trom hence he may proceed by Compounding , to the determi- 
nation of the Juſtice or Injuſtice of any propounded Aﬀtion. So 
that it is manifeſt by what has been ſaid, that the Method of Phi- 
lolophy to ſuch as ſeek Science ſimply, withour propounding to 
themſelves the Solution of any Particular queſtion, is part! __ 
Y Fylzca 3 
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nalytical,and partly Symhetycal; namely, that which proceeds from 
Senſe the invention of Pruncy es, Anal icall z and the reft.Syp- 
theticall, « wes; EY 

$ To thoſe that ſeek the Cauſe of ſome certaine and geo 


nirude, Proportion and Figure are Accidents yet in dots, 
Philoſophy, whege all queſtions are concerning the Cauſes of the 
Phantaimes of ſenſible things, it is nor fo caſie to diſcern berwees 
the things themſelves. from which thoſe Phantaſmes proceed, 
and the Appearances of thoſe things to rhe ſenſe z which. have 
deceived manygſpecially when the Phantaſmes have been made 
by Light. For Example , a Man that looks upon the Sunne, has & 
cercaine ſhining 1dea of i.e MMiagnicude of about @ fol over,z and ' 
this. he calls'the Sunne ; tl.oug!! te kyow the: Sunne, to be truly a 
great deale. bigger ; and in like mantzer , the Phanzaſme of ch 
{ame thing appears ſomcerumcs cound , by being ſecua farre off, 
and ſometimes ſquare, by being neerer. VV hereupon at may well 
be doubted whether that Phantaſme be Matter, or jome Body 
Naturall , or onely ſome Accident of a Body.; in the examinay 
tion of which doubt we may uſe this Method. The Properties of 
Matter and Accidents alrcady found out by Uls by the Syathets- 
call Method from their Definitions , are to be compared withthe 
Idea we have before us; and if it agree with the Properties of 
Marter or Body, thenitis a Body; otherwiſe it is an Accident, 
Seeing thercfore Matter cannot by any endeavour of ours be ci- 
ther Made or Deſtroyed , or Encreaſed, or Diminiſhed, or Mo- 
ved out of its place;whereas that Idea Appeares, Vaniſhes, is En- 
crgaſed, and Diminiſhed, and Moved hither and thither at plea» 
lure ; we may certainly conclude thar it is not a Body , but 
an Accident onel . Andthis Method is Syzthetzcal, | 

9 Burtt there be a doubt made concerning the Subje& ot any 
known Accident , (for this may be doubted ſometimes, a5 upthe 
przcedent example doubt may be made” in what Subje&-thar 
Splendor and apparent Magnitude of ghe Sunne 4s) 4hengur En- 
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quiry muſt in this manner. Firſt, Matter in Generall 
falk be divided into parts, as into Objet, Medium, and the Sen- 
tient it ſelfe, or ſuch other parts as ſeem moſt conformable to the 
thing propounded. Next, theſe are ſeverally to be exami- 
ned how they agree with the Definition of the SubjeR; and fuch 
of them as are not capable of that Accident areto be rejected, 
For example, If by any true Ratiocination the Sunne be found to 
be greater then irs apparent Magnitude, then that Magnitude is | 
not in the Sunne; If rhe Sunne be 1n one determined ſtraight line, 
and one determined diſtance , and the Magnitude and Splendor 
be ſeen in more lines and diſtances then one , as it is in Refle&i- 
on or Refra&ton , then neither that Splendor nor apparent Mag- 
nitude are in the Sun it ſelf , and therefore the Body of the 
Sun cannotbe the Subje& of that Splendor and Magnitude. And 
for the ſame reaſons the Aire and other parts will be reje- 
Red, till at laſt norhing remain which can be the SubjeR of that 
| Splendor aid Magnitude but the Sentient it ſelfe.” And this 
Method, in the Subje@ is divided into parts is Analitycall, 
andin Ithe Pr ies both of the SubjeR and Accident are 
Compton with the Accident concerning whoſe Subje& the en- 
quiry is made, it is Syzthetzcal. | . 

Iv But when we ſeck after the Cauſe of any propounded Ef- 
feX; we muſt in the firſt lacy get into our Mind an exa& Notion 
or /deaof that which we call Cauſe, namely, that A Cauſe rs the 
Summe or Aggregate of all ſuch Accidents both in the Agents and the Pa- 
tzeÞt , as concurre to the producms of the Effe# pro d ; all which ex- 
veſting together , it cannot be but that the, Effef exifteth with 
them ; or that it cannot poſſibly exiſt if any one of them be abſent. This 
being known, in the next place we muſt examine ſingly eve 
Accident that accompanies or przcedes the EffeR, as farre to 
as it feemes to conduce in any manner to the produdtion of the 
fame, and ſee whether the propounded Effet may be conceived 
to exiſt, without the exiſtence of any of thaſe Acczdents; and by 
this meanes ſeparate ſuch Accidents as do not concurre , from 
fuch as concurre to produce the ſaid Effe& ; which being done, 
we are to put together the concurring Accidents , and conſider 
whether we can poſſibly conceive that when theſe are all preſent, 
the Effet propounded will not follow z and ifit be evident _ 
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the EffeRt will follew, then thar Aggregate of Accidents is the 
entire Cauſe , otherwiſe nor; bue we muſt till ſcarch out and 
rogether other Accidents, For example, if the Cauſe of Light 
—_ to be { out; firſt, we examine things withour 
us , and find that whenſoever Light appeares, there is ſome prin- 
cipall ObjeR, as it were the fountaine of Light, without which 
we cannot have any perception of Light; and therefore the con- 
currence of that Obje& is neceſſary to the generation of Li 
Next we confider the Medium , and find that unleſle it be di 
fed ina certaine manner , namely, that it be trs:ſparent, though 
che Obje& remain the ſame , yer the Effe@ will not follow; and 
therefore the concurrence of —_ is alſo neceſlary to the 
eneration of Light. Thirdly, we obſerve our own Body, and find 
- by the indiſpoſition of the Eyes,the Brain.the Nerves,and &he 
Heart, that is, by ObſtruQions, oy ity and Debility we are de- 
prived of Light, ſo thar a farting Dolition of the Organs to re- 
ccive ons from wirhout 15 likewiſe a neceſlary part of rhe 
Caule of Light. Again, of all the Accidents inherent in the Ob- - 
ject, there is none thatcan conduce tothe effecting of Lights bur 
onely Action, (or a certam Morion,) which: cannot be concei 
to be wanting, whenſocver the Effc& 15 preſent; for, that any 
ching may ſhine, ir isnoteequifite tra it be of ſuch or ſuck. 
nirude or Figure, or that the wiole Bo —_ ic be moved ont of x 
place it is in, (unlefſe ic may perhaps be ſaid, that 4n the Sun 
or ork er _P that which cauſcrh Light is the Jighe ichathin 
ic ſelfe; which yeris bur a trifling exception, ſecing nothing is 
mcant t but the Cauſe of Light ; as if any man 
that the Cauſe of Light is that in the Suane which prodncerh itz) 
it remaines therefore rhat the Action by which Light is genera- 
ted, is Motion only in the parts of the Gbjed, ic k. being 
underſtood,we may cafily conceive what it is the Mediugm con- 
tributes , namely, the continuation of that Motion to the Eye, 
and laſtly wharthe Eye and the reſt of. the Organs of the Senti- 
cnt contmbute, namely , the continuation of the ſame Motion 
to the laſt Organof Scnſe, the Heart. Andin this manner he 
Cauſeof Lighr may bemade up of Motioncontinucd fromthe 
iginal of the ſame Mation, to che Original of V tall Moriun, 
Lighr: beinz nothing) bur che al | Vixail-Morion,made 
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je&. Burl give his onely for an example , for I ſhall ſpeak more 
at large of Light, an the generation of irin irs proper place, 
In the mean time ir is manifeſt, that in the ſearching our of Caw- 
ſes, there is need partly of the Azalytical, and partly of the Syn- 
theticall Me:hodz of the Azalyticall, ro conceive how circumſtances 
conduce ſeverally tothe produdtion of Effets 3 and of the Sy-- 
thetica/l, for the adding together and compounding of what they 
can effe&t ſinzly by czemielves, And thus mach may ſerve for 
the Method of Invention, It remaines tl;at I ſpeake of the 
Method of Teaching , tat is, of Demonltration, and of tlfe 
Meanes by which we demonſtrate. | 
11 In the Method of Invention tk.e uſe of words conſiſts in ti1is, 
that they may ſerve for Marks , by which , whatſoever we have 
found ourmay be recalled to memory ; for without this all our 
Inventions periſh , nor will it be poſſible for us to go on from 
Principles beyond a Syllogiſme or two, by reaſon of the weak- 
neſſe of Memory. For example, if any man by conſidering a 
Triangle ſet before him , ſhould find thatall its angles together 
raken are equall to two right angles , and that by thinking of 
the ſame tacitely , without any ule of words .cither underſtood 
or Expreſſed; and it ſhould happen afterwards that another Tri- 
angle unlike the former, or the ſame in different ſcituation 
fhould be offered to his ccnſideration, he would not know readi- 
1y whether the ſame property were in this laſt or no; but would 
be forced as often as a different Triangle were brought before him 
(and the difference of Triangles is infinite) to begin his contem- 
plation anew; which he would have no need to do if he had the 
ute of Names; for every Univerſal Name denotes the conceptions 
- we have of infinite Singular things.. Nevertheleſſe as I ſaid a- 
bove , they ſerve as Markes for the helpe of our Memory, 
whereby we regiſter to our {elves our own.Inventions ; but not 
as S;anes by which we declare the ſame toothers;: ſo that a man 
may be a Philoſopher alone by himſelfe without any Maſter; 
Adam. had this capacity ; But to Teach, that is to Demonſtrate, 
ſuppoſes two at the leaſt, and Syllogiſticall Speech. | 
12 And ſecing Teaching is nothing but leading rhe Mind of 
him we teach, to the knowledge of our Inventions , in that Track 
by which we attained the ſame with our own Mind ; —_—_ 
the 
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the ſame Method that ſerved for our Invention,will ſerve alſo for 
Demonſtration to others ; ſaving.chat we-omir the firſt part of 
Method which proceeded from the Senſe of Things to Ur.iverſal 
Principles ; which becauſe they are Principles,cannor be demon- 
frncedagd o_ they are known by Nature (as was ſaid above 
inthe 5th. Article) they need no Demonſtration, though they 
need Explication, Thewhole Method therefore of Demonſtra- 
tion is Sy-thettcall, conſiſting of that order of Speech, which be- 
gins trom Primary or moſt Univerſal Propotitions , which are 
manufeſt of themſelves, and proceeds by a perpetuall compoſi- 
tion of Propoſitions into Syllogi{mes, tillat laſt the Learner un- 

deritand the truth of the Conctulinn ſought after. | 
13 Now ſuch Principles are nothing bur Definitions; where- 
of there are two ſorts; one, of Names that ſignifie ſuch things 
as have ſome conceiveable Cauſe, and another of ſuch Namesas 
ſignifie things of which we can conceive no Cauſe at all, Names 
of the former kind arc , Body or Matter, Quantity or Extenſion, Me- 
troz , and whatſoever is common to all Matter. Of the ſecond 
kind are, ſuch a Boay , ſuch and ſo great Motion , (0 great Magiitude, 
ſuch Figure , and whatſcever we can diſtinguiſh one Body from 
another by. And Namcs of the former kind are well enough de- 
fined , when by Speech as ſhort as may be, we raiſe in the Mind 
of the Hearer perte& and cleer Ideas or Conceptions of: the 
Things named, as when we Define Motion to be the leauing of one 
place, and the ac quirt- 8 of another contirualy ; for tough no Thing 
Moved, nor any Caulc of Motion be in ti:at Definition, yet at the 
hearing of that Speech, there will come inio the Mind cf the 
Hearer an /dea of Motion cer enough. Burt Dc fi::itions of things 
which may be underſtood to have ſome Cauſe, muit conſiſt of 
ſuch Names as expreſle the Cauſe or Manner of their Gene- 
ration, as when we Define a Circlc to bc a Figure made by the 
circumduttion of a ſtraight line in a plainc, &c, Beſides Defini- 
tions, there is no other Propoſition ti.at ovght to be called Pri- 
mary, or (according to {everec truth) be recciyed into the number 
of Principles. For thoſe Axromes of Ewrlide , ſccing they may be 
demonſtrated are na Principles of Demonſtration, though they 
have by the conſent of all Men gotten the authority of Principles, 
becauſe they need not be Demonſtrated. Aiſo thoſe -Pet:r:0-s 
or Poſtulata (as they call them) though they be Principles 
I 2 yet 
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yet they are not Principles of Demonſtration , but of Conſtru- 
Rion onely ; that is, not of Science , but of Power ; or (which is 
all one ) not of Theoremes , which are $ tions , bur of Pre- 
Hemes, which belong to Practice, or the doing of ſomething. 
Bur as for thoſe common received Qpinions » Natwe abherres Vs- 
nity , Nature doth nothing inVaine , and the like, which arc nei- 
ther evident in themſelves, nor at all to be demonſtrated , and 
which are oftner falſe then true, they are much leſſe to be ackow- 
tedged for Principles. | 

o returne therefore. to Definitions, The reaſon why I ſay that 
the Caufe and Generation of ſuch things as have any Cauſe or - 
Generation, ought to enter into their Definitions, is this. The 
End of Science, is the Demonſtration of the Cauſes and Gene- 
rations of Things ; which if they be not in the Definitions , rhey 
cannot be found in the Concluſion of the fixſt Syllogiſme thar 
is made fromr thoſe Definitions ; and if they be nor 1n the firft 
Concluſion, they will nor be found in any further Concluſion 
deduced from that ; and therefore by proceeding in this manner 
we ſhall never come to Science ; which is againtt the ſcope and 
intention of Demonſtration, 

14 Now ſecing Definitions (as I have ſaid) are Principles 
oz Primary Propoſitions , they are therefore Speeches z and 
ſeeing they are uſed for the raiſing of an des of ſome Thing 
mthemind ofthe Learner, whenſoever that Thing has a Name, 
the Definition of it can be nothing but the Explication of thar 
Name by Spcech; and if that Name begiven ut for ſome com- 
pounded Conception, the Definition is nothing bnt a Reſolution 
ef that Name into its moſt Univerſall parts. As when we define 
Man, ſaying, Mar is a Body Animated , Sentient , Rational! , thoſc 
Names Body Animated,gyc, are parts of that whole Name Mar; 
to that Definitions of this kind alwayes conſiſt of Ge-zwand Difſe- 
*eace; the former Names being all ull the laſt , General; and the 
laſt of all, Difference. But if any Name be the moft Univerſall 
mars kind, the-the Definition of it cannot confift of Gemxw and 
Difſerece, but is to be made by ſuch circumlocution as beſt expli- 
eateth the force of that Name. Again,it is poſſible, and happens 
often that the Ge-us and Diflerence are put together , an yet 
make no Definition ;, as theſe Words 4 Straight Line containc 
both 
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both the Gezs and Difference 3 burare not a Definicion , tnlefſe 
we ſhould thinke a Straight Line may be thus defined, Straight 
Line is a Strasght Lines IIS 
EE DIES 
which theſe fignifie , then theſe might be the of that 
Name. From what has been faid it maybe underſtood how 8 
Definition ought to be defined, namely, That it is & Propaſitiam, 
whoſe Predicate Reſales the Subieft , when 1: may , andwhen atmmay 
st exemplifies the ſame. 0 

15 The Propertics of a Definition are, 

Firſt , that it takes away Aquivocation, as alſo all that mul- 
titude of Diſtin@ions, which are uſedby ſuch as think they may 
learn Philoſophy by Difpurarion. For the Nature of a Definirt- 
en is to define, that 15 , to determine. the figntfication of the de- 
fined Name, and to pare from ir all other Signification beſides 
what is contained in the Definition ir feltez and theretore one 
Definition does as much, as all the Diſtin&ions (how many foe- 
ver) that can be ufed about the Name defined. 

Secondly , That it gives an Univerſall Notion of the rhing 
defined , repreſenting a certaine Univerfall Piure thereof, nor 
ro the Eye, butto the Mind. For aswhen one paints a Man,he 
paints the image of ſome Man; fo he that defines rhe Name 
Mai, makes a Repreſentation of ſome Man to the mind, 

Tiirdly,Thar it is not neceflary ro diſpute wherher Definitions 
are to be admitted or no. For when a Maſter is inſtruRting his 
Scholar, if the Scholar underſtand all che parts of the thing de- 
fined, which are Reſolved in the Definition , and yer will nor 
admit of the Definition, there needs no further Controverfie be- 
'twixt them , itbcing all one as if he refuſed to be raughe, Butif 
he underſtand nothing, then certainely the Definition is fariky; 
for the nature of a Definition confiſts in this, that it ext1bira 
cleare Idea of the thing defined; and Principlesare eirher known 
by themſelves, or elſe they are not Principles, 

Fourthly, That in Philoſph » Definitions are before de- 
fined Names, For in teaching P ilolophy » the firft beginning is 
from Definitions, and all progreſſion in the ſame rill we come ro 
the Knowledge of the thing compounded, is Compoſitive. Sccing 
therefore Detinition is the explicationof a Compounded _ 

Y 


62 COMPUTATION Part.n” 


by Reſolution, andthe progrefſion is from the parts to the com- 
pound, Definitions" muſt be: underſtood: before Compounded 
Names; nay when the Names of .the parts of any Speech be ex- 
plicared, is it -not neceſſary that che Definition ſhould be a 
Name Compounded of them. For example, when theſe Names, 
e/Equilaterall, Quadrilatera!, Right-angled, are ſufficiently under- 
ſtood, it is not neceſſary in Geometry that.there ſhould be ar all 
ſuch a Name as $4zare; for defined Names are received in Phi- 
loſophy for brevitics ſake onely. | | 
Fiftly » That Compounded Names which are defined one 
way in ſome one part of Philoſophy , may in another part of 
the ſame be otherwiſe defined; as a Paratola and an Hy;ertole 
have one Definition in Geometry and another in Rhetorique; 
for Definitions are infticuted and ſerve fo > underſtanding of 
the Do&rine which is treated of, And chefe ore as mm one part of 
Philoſophy, a Definition may have'in 1t ſome one fit Name 
for the more briefe explanation of ſome propoſition in Geome- 
ty; ſo it may have the ſame liberty in other parts of Piiloſo- 
phy ; for the uſe of Names js particular (even where many a- 
Erce to the ſetling of them)and arbitrary. 

Sixtly, That no Name can be defined by any one Word; bc- 
_— no one Word is ſufficient for the Reſolving of, one or more 
words, 

Seventhly , That a defined Name ought not to be repeated 
in the Definition. For a defined Name, is the whole Compound, 
and a Definition is the Reſolution of that Compound into parts; 
but no Torall can be part of it ſeltc. 

16 Any two Definitions that may be compounded into a Syllo- 
giſme, produce a Concluſion ; which becauſt it is derived troni 
Principles, that is, from Definitions, is ſaid ro be Demonſtrated; 
and the Derivation or Compoſition it ſclte is called a Demonſtra- 
200, In like manner, it a Syllogiſme be made of two Propoſiti- 
ons , whereot qne is a Definition, the other a Demonſtrated 
Concluſion , or neither of them is a Definition, bur both former- 
ly demonſtrated, that Syllogiſme is alſo called a Demonſtration, 
and ſo ſucceflively. The Definition therefore of a Demonſtrati- 
on 15 this, 4 DEMONSTRATION #5 a Syllogiſm or Series of Syllogeſms 
derrued and continued from the Defingtions of Namessto the laſt Conclo 2on, 
And 
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And from hence it may be underſtood, chatalltrue Ratiocinati- 
on, which taketh irs beginning from true Principles, produceth 
Science, and is true Demonſtration. ' For as for rhe Origirial of 
the Name, although thayx which the Greeks called qa@vAatis and 
the Latines Demonſtratro was underſtood by them for that ſort 
onely of Ratiocinarion , in which” by the defcribing of certaine 
Lines and Figures, they placed the thing they were to prave,as 
it were before mens Eyes,which is properly 2o/therens or toſhew 
by the Figure; yet they ſeent'to have done it for this reaſon, that 
unleſle it were 1n Geometry (in which only there is place for ſuch 
Figures) there was no Ratiocination certaine, and-ending in Sci- 
ence, their Dodrines cencerning all other _— being:nothing 
but Controverſie and Clamour ; which nevertheleffe hapned nor 
becauſe the Truth ro which they pretended could not be made e- 
vident without Figures, but becauſe they wanted true Principles, 
from which they might derive their Rattocination; and therefore 
there is no reaſon but that if true Definitions were premiſed in 

all ſorts of Do&rines,the Demonſtrations alſo would be true. 
17 Itis proper to Methodical Demonſtration, 
Firſt, That there be a true Succeſhon of one Reaſon: to 

-another , according to the Rulcs of Syllogizing delivered above. 

Secondly , That the Przmiſles of all Syllogiſmes be demon- 
ſtrated from the firſt Definitions. | 

Thirdly , That after Definitions, he that Teaches or Demon- 
ſtrates any thing , proceed in'the ſame Method by which he 
tound it out; namely , thar in the firſt place thoſe {things be de- 
monſtrated which immediately ſucceed ro Univerſal Definitions 

(inwa:ch 1s contained that part of Philoſophy which is called 

Phileſo»v4a Prima.) Next, thoſe things which may be demonſtra- 

ted by Simple Motion(in which Geometry conſiſts.) After Geome 

try , {uch things as may be taught or ſhewed by manifeſt Action, 
tnatis,by Thruſting from,or Pulling rarer ber after thele,the 

Motion or Mutation of the inviſible-parts of Things, and the Do- 

crine of Senſe & Imagination & of the internal Paſhons, eſpeci- 

ally rhoſe of Men,in which are comprehended the Grounds of Ci- 

vil Dutics,or Civil Philoſophy;which takes up the laſt place. And 

that this Method ought to 4 kept inall ſorts of Philoſophy , is e- 

vident from hence; that ſuch things as I have ſaidare to be taught 

| * laſt, 
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laſk cannot-be- aſtxated , till ſuch as are propounded ta be 
firſt treated of, be fully underſtood, Of which Merbod no other 
Example can be given, but that Treatiſe of the Elements of 
Philoſophy , which I ſball begin in the next Chapter , and con- 
tinue to the end of the worke. 

13 Befides thoſe Paralogiſmes , whoſe fault lics cither in the 
'Falſity of the Przmiſles, or the want of true Compoſition , of 
which I have ſpoken in the precedent Chapter , there arc two 
more which are frequent in Demonſtration; one whereof is com- 
-monly called Petitzo Preeeprt ; the other is the ſuppoling of a Falſe 
Cauſe, and theſe do not anely deceive Unskiltull Learners bur 
ſometimes Maſters themſelvesby making them take that for well 
demonſtrated which is not demonſtrated at all. Petitio Prenceptt, 
is when the Conclufion to be proved , is diſguiſed in other 
Wards, and put for the Definition or Principle [a whence it is 
tobe demonſtrated ; and thus by purting for the Cauſe of the 
Thing ſought , either the Thing 1 [obs or ſome Eftcd of ir, they 
make a Circle in their Demonſtration. As for example, He that 
would Demonſtrate-that the Earth ftands ſtill in the Center of 
the World, and thould ſuppoſe the Earths Gravity to be the 
Caulc thereof, and define Gravity to be a quality by which eve- 
Iy heavy Body tends towards the Center of the World , would 
loſe his labour ; for the queſtion is, What is the Caule of that 

quality ig the Earth, and therefore he that ſuppoſes Gravity to 
.be the Cauſe, puts the Thing it ſelfe for its own Caule. 
Of a Falſe Cauſe I find this example in a certaine Treatiſe 
where the thing ro be demonſtrated is the Motion of the Earth. 
He begins therefore withthis, that ſeeing the Earth and the 
Sun are not alwaycs in the ſame ſcituation, ir muſt nceds be 
that oneof them be locally moved; which is trucs next he affirms 
that the Vapours which the Sun raiſes from the Earth and Sea 
are by reaſon. of this Motion neceſſarily moved ; which alſo is 
true; from whence he infers the VVinds are made, and this may 
pale for granted ; and by thelp Vinds he ſayes the Waters 
of the Sea. are moved., and by their: Motion the hottome of rhe 
Sea, aSif.it were bcatan forwards, moyesround ; and let this 
_ :Alſobe granted; wherefore he copcludes., the Earth is moved; 
which is neverthelelle .isa Paralogilme. Far if that wind nw 
t 
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the Cauſe why the Barth was frem-the beginning:moved awed, 
and the Motion ko | x eG avle, 
of xhax Wind , then the Motion: of ahe;Shpne gtube Barth-was, 
befcre'the Wind "it felf 5, and itthe/Egeld ware Moved be; 
fore the Wind was made ,, then-.the).VVand;;could nos be the, 
caulc of the Earrhs revolution; burjtzhe Synne;were Mayer, and 
the Earth ſtand ſtill , chen it is manifeſt the Earth might regzaiy 
Unmoved notwithſtanding that Wind; and therefore that moti- 
on was not made by the Cauſe which he alledgeth. Bur Paral- 
logiſmes of this kind are very frequent among the Writers of 
Phyſiques, though none can be more elaborate then this in the 
Example given. 

19 It may to ſome men ſeem pertinent to treat in this place ' 
of that Art of the Geometricians , which they call Zogeſtics, that 
is, the Art, by which , from ſuppoſing the thing in queſtion ro 
be true, they proceed by Ratiocination, till cither they come to 
ſomerhing knowne , by which they may demonſtrate the truth 
of the thing ſought for ; or to ſomething which is impoſſible, 
from whence they colle& that to be falſe which they ſuppoſed 
true. © Bur this 7 cannot be explicared here, for this reaſon, 
that the Merhod of it can nelckorba practiſed , nor underſtood 
unleſle by ſuch as are well veried in,Geametry ; and among 
Geometricians themſelves , they that have moſt Theoremes in 
readinels,are the moſt ready in the uſe of this Logiſtics ſo that in- 
decd it isnot a diſtin& thing from Geometry ic {elfe ; for there 
are in the Method of ir three parts; the firſt whereot conſiſts in 
che finding out of Equality betwixt known and unknown things, 
which they call Equation; and this Equation cannot be found 
our but by ſuch as know perte&ly the Nature , Properties and 
Tranſpoſitions of Proportion , as alſo rhe Additiorr, Subſtracti- 
on, Multiplication , and Diviſion of Lines and Superficies, and 
che ExtraCtion of Roots, which are the parts of no meane Geo- 
metrician. The Second is, when an Equation is found , to be 
able to judge whether the Truth or Falſity of the Queſtion may 
be deduced from it or no ; which yer requires greater Know- 
ledge. And the third is , when fuch an Equation is found , as 
is fit tor the ſolution of the Queſtion, to know how to Reſolve 
the ſame inſuch manner, thatrhe Truth or Falfity may _ 

__- Y 
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oo re Wwhictvin hard queſtion: $ Carntiot be done 
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rea Nature ah 
ES Ie happens befiken, 
__ ty uttions there is no certaine Me- 
its thar has the beſt Naturall 
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"oa AP, V1 I. 
Of Placeand Time. 


1 Things that have no exiſtence, may nevertheleſſe be underſtood and compu- 
ted. 2 What is ſpace, 3 Time. 4 Part. 's5 Divifon, ' 6 One - Nem- 
ber, Þ Compoſ om, 9 The Whele. 10 Spaces and Trees __ 
and Continuall, 11 Be innis g, End, Way, Finite , (poly ih 12 Whec 
is [nfinite in — wo - hing Tnfonite can truly. ſaid to beeither Whote, #3 
_ cn Fra Infinite $ hou Times, Many. 13 Diviſion proceeds yes fo 2 
£ | 

EEE Se , the Teaching of Naturall Philloſs- 

WEN Ee phy; cannorbegio berer (asL ba 


1 read ſhewn) then 
Fall 15 Gomes ſei eG parw— 
M1 hilated. Wa arererve 
- LO unpoſe a ILIREY PET 
> what. ud Ee 
= Man (whonon from he 
Univerſal api, 3,fo 
= conſider as the Subjed of Phi 
"OT atall' to reaſon pRanzot -Whar to Svc N RE pmnojor Rarioging- 
"xiohs ake. 
T ſay therefore there would. remain, /£O, ne Man, Jdeas of che 
*W orld.and of allſuch, Bodies as h& bad, k 5 -apait;azions 
"fren with His cies, or perceived any.other Sen 3 thats toy» 
the Memory and Imagination: pra Motiensrhoundss 
Jours;8:c.as afſo of their ovdct; % part All wob chi 
'be nothing but Ideas, 8; Phantaſma Ira 
imagitierh; yet they, will appeagasit, 
notatall dcpchtling upon.any power q | 
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thi hich þewould gjive-Namesy and ſubſtra jhem 
hob ork 7 Corpo [466 w th ohe Aoferb$ 02 Ts after 
the deſtru&ion of all other things, I ſa ppole Mn {till remaining, 
and namely chat thinkey, imagines, fand remembers, there can 
. be nothing for him to thinke of dur what is Paſt ; Nay, ifwe 
do but obſcrve dilizently what it 45 we-dce when we-confider 
and reaſon, we ſhall find, thar though all rhings be ill remaining 
in the world, yet we campute norhing but our own Phantaſmes. 
For when we calculate the magnitude and motions of Heaven or * 
Earch, we doe not aſceal into Heaven thar we may divide it into 
parts, or meaſure the motions rizercot, bur we doe it ſitting ſtill in - 
our Cloſets'or in the Darke. .Now things may be conſidered, that 
-is, bebroughr into Account, 'tituer. as internal Accidents of our 
. Mind, in which- manner we <onlider*them when the queſtion is 
about ſome Faculty vf the Mind , oras Species of external things, 
not as really cxiſting,but appearing onely to exiſt, or to have a Be- 
' ing without Us. And in this manner we arc now to conſider them. 
, 2 If therefore we remember , or have a Phantaſme of-any 
"thing that was in the world before che ſuppoſed annihilation of 
"the fame'; and confider;, not that the thing was ſuch or ſuch, but 
anely rhat it had a Being without the Mind, we have preſent! 
a Conception of that we call Space : an Imaginary-Space indeed, 
' becauſe a meere Phantaſme , yet that very chingwhich all men 
eallſo. For no man calls it Space. for being alrcady filled, bur 
{becauſe it may be filled; nor does any man think Bodies carry 
" their Places away with*them , but that the ſame Space contains 
ſometimes one , ſometimes another Body; which could not be if 
Space ſhould alwayes Rocoengeny the Body which is once in it. _ 
Andthis is of ir ſelfe ſo manifeſt, that F ſhould filet thinke it need- 
edany explainingat all , but chat I finde Space to be falſely dehi- 
nedby certaine Philoſophers , who'inferre from thence, One,that 
the world is Infinite 3; for taking Space to be the-Extenſion of Bo- 
dies, and thinking Extenſion may encreaſe continually, he in- 
ferres that Bodies may be infinitely Extended; and Another 
fromthe ſame Definition concludes raſhly , that it.is impoſſible 
 even'to God himſelfe to create more VYorlds then one ; for if ano- 
ther World wereto be created, he ſayes, that ſeeing there-is no- 
thing without this world: ,. and therefore ( according to = 


_- 
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Definition ) no Space , that new world muſt be placed in no- 
thing ; but in nothing nothing can be placed ; which he affirms 
onely , without ſhewing any reaſon for the ſame, whereas rhe 


contrary is the truth : for more cannor be pur into a Place allready - 


filled, 1o much is Empry Space fittcr then that which is Full for 
the receiving of new Bodies. Having therefore ſpoken thus much 
for theſe mens ſakes , and for theirs that afſent to. them, I return 
ro my purpoſe , and define Space thus, SPACE #5 the Phantaſme of a 
Thing exiſting without the Mid ftmply; that 1s to ſay,that Phantaſme, 
in which we conſider no other Accident , bur onely that it ap- 
pears without us. 

3 Asa Body leaves aPhantaſme of irs Magnitude in the mind, 
ſo alſo a Moved Body leaves a Phantaſme of its Motion, namely 
an Idea of that Body paſſing out of one Space into another by con- 
tinuall ſncceffion, And'this Idea or Phantaſme, is that which 
(without receding much from the common opinion, or from A#:- 
ftotles Defi nition) I call Time, For ſceing all men confeſſe a Yeare 
to be Time, and yet donot think a Year co be the Accident or Af- 
fe&ion of any Body , they muſt needs confeſſe it tobe , nor in the 
chings without Us , bur only inthe Thought of the Mind; So 
when they ſpeake of the Times of their Predeceſlors, they do riot 
think*after their Predeceffors are gone, that their Times can be 


any where elſe then in the Memory of thoſe that remember them. 


And as for thoſe that ſay, Dayes, Years and Moneths are the Mo- 
tions of the Sunne and Moon , ſeeing ir is all one to ſay , Motion 
Paſt and Motion Deftroyed , and that Future Motion-is the ſame 
with Motion which 1[5-»0t yet beguz , they ſay, that which they do 


not meane , thar there neitheris, nor has been, nor ſhall be any 


Time:for of whatſoever it-may be ſaid,/t has been or 1t ſhall be,of the. 
ſame alſo it might have been ſaid heretofore,or may be ſaid here- 
after , It vs. et then can Dayes, Moneths and Yeares be, but 
the Names of fu ch Computations made in our Mind? Time there- 
fore is a Phantaſme , but a Phantaſme of Motion, for if we would 


know by what}Moments Time paſſes away,. we make ufe. of ſore | 


Motion or other,as of the Sun, of a Clock, of the ſand in an Hoyr-- 
glaſſe, orwe mark ſome Line upon which we imagine fomething 
to be Moved, there being no other means by which we can take 
notice of any Time atall, And yet when 1 ſay T;zme is a Phantaſme 
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of Motioty I doe nor ſay this is ſufficient to define it by , far this - 
word Time comprehends the notion of Former and Later, or of 
| Succeſſion. in the motion of a Body zin as much as it is firſt Here then 
There, Wherefore a compleat Definition of Tame is ſuchas this, 
TIME # the Phantaſme of Before 84d After 1n Motion ; which agrees 
with this Definition of Ar:ſtotle, Time ts the Number of Motion accord- 
ing to Former and Later ; for that Numbring is ana& of the Mind ; 
and therefore itis all one to ſay, Time i th® Number of Mot ton accerd- 
zng to Former and Later , and Time us a Phantaſme of Motzon Namtxed. 
But that other Definition, Time us the Meaſare-of Mottongis not fo cx - 
at ; for we meaſure Time by Motion and not Motion by Time. 

4 One Space is called Part of another Space, and one Time 
Part of another Time , when this containes that and {amething 
beſides. From whence it may be colle&ed;that nothing can right- 
ly be called a ? ART, bur that which is compared with ſomething 
that contains it. , 

5 And therefore to: make parts, or to Part or DIVIDE Space or 
Tzme, is nothing elſe but to confider One and Another wittun the 
ſame; ſo that if any Man D:uide Spaceor Time, the diverſe Can- 
ceptions he has are more by one , then the Parts he makes, for 
his firſt Conception is of that which is-to be divided, then of lome 
Part of it, and again of ſome other Part of it , and ſo farwerds as 
longas he gocs on.in Dividing. 


But it is to be noted, that here by P:tzſco, I doenotmeanthe 
ſevering or pulling aſunder of one Space 'or Time from another 
(for docs any man think that one Hemiſphere may be ſeparated 
fromthe other Hemiſphere, or the firſt Hour from the ſecond >) 
but Diverſity of Conſideration ; ſo that Diviſion 'is nat.made by 
the operation of the Hands but of the. Mind. | 
- 6 WhenSpaceor Timcis [conſidered among other Spacgs-or 
Times, it is faid tobe O N E , namely Oneef them.; for execpt One 
Space mightbe added to another , and fi ed from.anether 
| Space, and foof Time , it-would be ſufficient to lay gpoce er 
"Time ſimply , and ſupertiuous»ro-ſay One. Space or One Time, if 
it could notibe conceived thar there wereanother. The.common 
Definition of Oe, namely, ghar 0c 4s that which.is Undruded,jis.ob- 
Noxious to awabſurd Conſequence; -for-itmay-thencebc inferred, 
chat whatſoever is Divided,is.many-chings,that-is;that every or 
vide 
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vided thing ,'is Divided Things , which is Infienificanr. 

7 NUMBER 14 One end One, or One One and One, arid fo fer- 
wards; namely One and One make the Number Tzo, and One 
One and One, the Namber Three ; and fo are all orher Numbers- 
. made; which is all one as if we ſhould ſay, Number is Kiities. 

8 To: COMPOUNDSpace of Spaces,or Time of Times,is firſt ro 
Confider them one after anott:cr , and rhen attogether as One; 
as if one ſhould reckon firſt the Head, rhe Feet, the Armes and: - 
che Body ſeverally, and then for the account of cem all rogerher 
put Mas», And chat which is fo pur far all the ſeveralls of which it 
confifts, is called the wHOL-E; and thoſe ſeveralls, when by 
the Diviſion of rhe Vhole, they come again to be conſidered. 
ſingly, are parrs thereof; and therefore the #hele, and all the 
Parts taken together , arc rhe fame ching, And as I noted above, 
that in D#vifos it is not neceſſary to pull the Parts aſunder; ſoin 
Compoſition it is to be underſtood, that for the making up of a whole 
there is no need of purring the Parts together, fo as to make them 
touch one another , bur onely of colle&ing them into one ſumme 
in the Mind, For thus a} Men being confidered together , make 
up the Whole of Mankind , though never ſo much differ 
ſed by Time and Place; and twelve Hours , though the hours of 
ſeverall dayes , may be Compounded into one Number. of 
Twelve. | 

9 This being well underſtood, it is manifeſt , that nothing can: 
righely be called a Whole , that is not conceived to be compound-- 
edof Parts, and thar ir may be divided into parts; ſorthat if we 
deny that ny has parts, we deny the ſame to-be a Whole. 
For example, if we fy the ſoul can have no Parts, we afirme 
chat no ſoul can be a VV hole jſoul.. Alfo it is manifeſt, that No» 

has Parts rill it be Divided; and when a-Thingis Divided, 
theParts are onely ſo many as the Divifion makes them. Againe,. 
thata Part of a Part is a Parr of theVholez& thus any Part of the- 
Nuniber Fox, as Two,is a Part of the Number Ezght ; for Foxr is 
made of Two and Two ; but a_ is compounded of To, 7 and 
Pavry, and therefore Two which is a Part of the Part Fawr >, is alla 
a Pare of the whole Eight... | Foe 

10" Two Spaces are ſaid tobe CONTIGUOUS, whey there is 
wether Space betwixt them, But two Times , betwixt _ 
there: 
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there isno other Time, are called IMMEDIATE,/A” BT GC 
as AB, BC. Andany two Spaces as well as Times are fſaidto 
be Co NTINUALL , when they have one common” part, 
A B C D as AC, BD, where the part BC 1s 
common ; and more Spaces and Times are Continual , when 
cyery two which are next one another are Continual. 
1x That Part which is between two other Parts». is calleda' 
MEA N;8that which is not berween two othcrparts,an EX 1 KEME. 
And of Extremes,thatwhich iz firſt reckoned 1s the BEGIN NING, 
and that which laſt;the E N D;and all the Means together taken,are 
the way- Alſo Extreme Parts and Limets are the —_ thing. And 
from hence it is manifeſt, that Begizn4g and End depend upon the, 
order in which we number them ; and that to Terminate or Limit 
Space and Time, 15 the ſame thing with imagining their Begin = 
21mg and End; asallo that every thing is FINIrE or INFINI IE, 
acording as we imagine or not imagine it LimitedorTermmated eves 
way;and that the Limitsof any Number arc #4:t;es,and of theſe, 
fn which is the firſt in our Numbering is the Begranzigand that 
which we number laſt, is the Ez, When weſay Number is 1- 
finite , we mean only that no Number is expreſſed ; for when we 
ſpeak of the Numbers To, Three, a Thouſand, oe, they arc always 
Finite, But when no more is ſaid but this, Number is Infinite, it is to 
be underſtood as if it were ſaid, this Name Number is an Indefingte' 
Name. nid of 
12 Spaceor Time is ſaid to be Finite 12 Power, or Terminatle, 
when there may be aſſigned a Number of finite Spaces or Times, 
as of Paces or Hours , than which there can be nogreater Num- 
ber of the ſame meaſure, in that Space or Time; arid 19finete i 
Poner is that Space or Time, in K vr a greater Number of the 
ſaid Paces or Hours may be aſſigned,thanany Number that can be 
given. But we muſt note , that although in that Space or Time 
which is Infinite in Power*, there may be numbered more Paces 
or Hours then any number that can be aſſigned, yer their number 
will alwayes be Finite ;; for every Number is Finite, And 
therefore his Ratiocination was not good , that undertaking.to 
prove the World tobe Finitezreaſ ves p thus;1f the world be Infinites 
then there may be take in it ſome Part which is diſtant from us an In- 
finite number of Pages : But no ſuch Part can be taken ; wherefore Ae ; 
wor 
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world is ot infinite z becauſe that Conſequence of the Major Propo- 
ſicion is falle; for in an Infinite ſpace, whatſoever we rake, of d& 
ſign in our Mind , the diſtance of the ſame from us is a Finite 
ſpace, for in the very deſigning of the place thereof, we, put an 

nd to that ſpace, of whch we our ſelves are the Beginning , and 
whatſoever any man with his Mind cuts off both wayes from Infi- 
nite, he determines the ſame, that is, he makes it Finite, | 

Of Infinite Space or Time, it cannot be ſaid that it is a #hole, or 
Onez not a While , becauſe not compounded of Parts; for ſecin 
Parts, how many ſoever they be, are ſeverally Finite, they will al- 
ſo when they are all put together make a whole Finite ; Nor Oze, 
becaule nothing can be ſaid to be One , except there be Another 
to compare it with; but it cannot be conceived that there are two 
Spaces, or two Times Infinite. Laſtly , when we make queſtion 
whether the World be Finite or Infinite , we have nothing in our 
Minde anſwering to the Name world; for whatſoever we Imagine, 
is therefore Finitc,though our Computation reach the fixed Stars, 
or the ninth or tenth, nay, the thouſanth Sphere. The meaning of 
the Queſtion is this onely, whether God has aftually made ſo 
great an Addition of Body to Body , as we are able to make of 
Space to Space. 

13 And therefore that which is commonly ſaid,that Space and 
Time may be divided Infinitely , is not to be ſo underſtood , as if 
there might be any Infinite or Eternal Diviſion ; but rather tobe 
taken in this ſenſe , whatſover is Drvided, is drvided into ſuch Parts 4s 
may again be Dilided;, or thus , The Leaſt Dztifitle thing is not to be gt- 
wen; or as Geometricians have it, No Quantity is ſo ſmall, but a Lefi 
may be taken ; which may caſily be demonſtrated in this} man- 
ner. Let any Space or Time ( that which was thought ro be the 
Leaſt Divifible)be divided into two equal Parts A and B.I ſay ct- 
ther of them, as A, may be divided again. For ſuppoſe the Part 
A to be contiguousto the Part B of one ſide, and of the other {ide - 
to ſome other Space equal to B. This whole Space therefore (be- 
ing greater then the Space given) is diviſible. Wherefore if ir be 
divided into two equal Parts, the Part in the middle , which is A, 
_ o alſo divided into two equal Parts;and therefore A, was Di- 
viſible, 
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Cuae. VIII. 
Of Body and Accident, 


Body defined. 2 Accident defined. 2 How an eAccident may be nnder- 
ftoodto bein its ſubjeth. 4 Magnitude what its, 5 Place what it 15,and 
t hat it is Immoveable, 6 s Full and Empty. 7 Here, There, 
Somewhere, what they. ſignifie. 8 Many Bodies cavint be in One place, 
»or One- Body in Many places. g Contignons and' Continual what they 
are. 10 Thedefinitionof Motion. No Motiom intelligible but with Tinge, 
12 Whatit.is tobe at Reſt, to have been Moved, and to be Moved, No 
Mation to br:conceived without the conception of Paſt and Future. 12 A 
Point, 4 Line, S uperficies aud Solid, ghar they are, 13 Equal, Greater 
and, Leſſe in Rodies and Magnitudes, what they are, 14 One and the ſame 
Body h as alwayes one and the the ſame Magnitude, 15 Velocity what it 
i, 16 Equal, Greater and Leſſe in Times what they are, 17 Equal, 
Greater and Leſſe in Velocity, what. 18 Equal, Greater and Leſſe in 
Motion, what: 19 Thatwhich # at Reſt will alwayes be 'ar Reſt ex cept 
5t bt Moved by ſome external thing ; and that which'us Moved will alwayes 
be Moved, unleſt it be hindered by (ome external thing. 20 Accidems att 
Generated and Deſtroyed, bus Bodies net ſo, 21 An eAccident canme depart 
from its Subjet, 22 Nor be Moved, 23 Eſſence, Form, and - Marter, 
what they are. 24 Fir Matter , whut, 25. That the whole is greater 
then any Part thereof , why demonſtrated, | 


m——— Aving underſtood what Imagina 
WENT, Space'1s, in which we ſuppoſed => 
21 thing remaining without us, but all 
tho OR to be deſtroyed that by 
exiting heretofore” left Images of 
themſclves in our Minds; let us now 
| ſuppoſe ſome one of thoſe things to 
Sl. beplaced again in the World, or cre- 
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LU ALS ared anew. Ir is neceſſary therefore 


that this new created. or-' replaced 


thing do not onely fill ſome part of the Space above-mentioned, 
or be coincident and coextended with. it, but alſo, that it have no 
dependance upon our thought. And this is that which for the 
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arr? lay i from f oo tfel - al cojig 
our: GWE IAY 15 4 it [ebf;,as ehles 

becanle without Us ;antlafilyLir is called the ary becaulc it 

ſo placed inand: ſwjefed to Imaginary > tirat ir may be un- 
derſtood by Reaſon, as well as perceived-by Seuſe. The Definition 
therefore of Body may be this, A BODY that which bauing n0 de- 
pendauce upon wr Thought 15 cuncident or coextended nith ſome part- of 
Space, 

f But what an Accrdent 15,cannot fo eaſily. be: explained any 
Definition, as by Examples. Let us:imagine therefore that a 

fills any Space; or 1s caextended with it , thar'Coextention is nor! 
the coextended Body , And in like manner, letus imagine that the 
ſame Body is removed aur of, its-place ,, that Removing: is not the 
removed Body; Or letus think: the ſame-nor. —_ that not« 
removing or Reſt, is notithe reſting Body... VVhat then are cheſe 
things 7 They are Acczdents of that Body. But. the rhing.in queſti- 
on is What is an Accident ,, which is an iryafter: that which we 
know already, and notthat which we-ſhould-enquire' after; . For 
who does not alwayes and inthe ſame manner: underſtand; hin: 
that ſayes any thing is Extended; or Moved, or 'not Moved > Bur: 
moſt men will have it be ſaid that az Accident is. ſomething , namely. 
ſome part of a natural thing,when indeed it is no partof the ſame. 
To ſatisfie.theſe:men; as well as —_— they andibs beftthar ae- 
fine an Accident tobe the Manner bywhich asy Body us concervedgwhich' 
isall one as if they ſhould ſay, Au Accident ie that :faculry of any Body: 
Ly which it works 112 4.4 Conception of 12 ſelf. Which TY | 
it be not-an Anſwer to che-Queſtion, propounded; -yetivis awAn- 
{wer to that Queſtion which ſhould have beewpropounded;name-- - 
ly, whence does it happen that one. part of: any Bady-appears hire; another" 
part there 2 For this is well anſwered thus; Ir happens: from The: Ex 
tenſion of that Body..Or, Hov:comes iÞ-to paſ{thatuhe wielte Body by" ſtereſ” 


fron4s ſees pow here now there 3 and the antwer will bey Byreaſun oft 1:55 
Motion. Or laſtly , Whence is it that any Bay poſſeſſeth hofamef pace far" 


ſometime? And the anfwer will be, becauſe 11:45 10: moved For ifican- 
cerning the Name of aBody,that is,concerning a ConcreteName, 
it be asked, what ##it 2 the anſwer muſt be made by Definitions 
for the Queſtion is concerning the ſignification of the*' Name: But 
if itbe asked concerning an Abſtrat Name, what4s 5t3 the-Cauſe 
L 3 1s 
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is demanded why a thing appears ſo or ſo. As if it be asked , what 
& HardicThe Pu ac will be, Hard is that, whereof no Part gives 
place, but when the Whole gives place. Burt if it be demanded; 
what is Hardnefi 2 A Cauſe miſt be thewn why a Part does not give 
place except the Waole give place. Wherefore I define an 
ACCIDENT to be the Mi ner of our conception of Body. | 
3 When an Accrdegt is ſaid to be i 4 Bady , it 1s not ſo to be un- 
derſtood, as if any thing were contcined in that Body ; as it, for 
example, Rednelſs were in Blood, in the ſame manner , as: Blood is 
ina Bloody cloth, thar is, as a Part in the Whole ; for ſo an Acc1- 
dent would be a Body alſo. But as Magnitude, or Reſt, or Motion, 
is in that waich 1s Great , or which Reſteth , or which is Moved 
( which how it is to be underſtood, every man underſtands ) 
ſo allo. it is to be underſto9d that every other Accident is #2 
its Subje&.And this alſo is explicated by Ariſtotle no otherwiſe then 

negatively, namely , that A.z Accident us 11 :ts Subjeft , not 45 fry part 
thereof ,but ſo 4s that it may be away, the SubjeR ſtill remaining, which is 
right, ſaving that there are certain Accidents which can never per- 
ich except the Body periſh alſo; for no Body can be conceived to 
be without Extenſion , or without Figure. All other Accidents, 
which are not common to all Bodies, but peculiar to ſome onely,as 
To be at Reſt, to be Moved, Colour, Hardneſs, and the like, do perith 

continually, and are ſucceeded by others ; yet ſo, as that the Body 

never periſheth, . And as for the opinion that ſome may have, thar 
all other Accidents are not in their Bodies in the ſame manner that. 
Extenſ1on,Motion,Reſt,or Figure are in the ſame;for example,thar 
Colour, Heat ,. Odour, Verrtue, Vice and the like, arc otherwiſe in 
- them, and (as they ſay) zzherent; I deſire they would ſufpend their 
judgement for the preſent, and expe a little , till ic be found out 

by Ratiocination, whether theſe very Accidents are not allo cer- 

tain Motions, either of the Mind of the perceiver; or of the Bodies 

themſelves which are perceived; for in the ſearch of this, a great: 
part of Naturall Philoſophy conſiſts. 

4 The Extenſion of a Body, is the ſame thing with the Ma GN4- 
TUDE of it, or that which ſome call Real Space. But this Magt- 
tude does not depend upon our Cogitation, as Imaginary Space. 
doth ; forthis is an Effe& of our Imagination, but Magnitude is the 
Cauſe of it; this is an Accident of the Mind; that of a Body exiſt- 

ing out of the Mind, 5 That 
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5 That Space” (by which word1 here underſtand” Imag 
Space) which is coincident with the Magnirude of ay dy, 
called the PLACE of' that Body ; and the. Body ir ſelf 1 I 
which we call the Thing Placed.” Now Place, and the Mag-. 
zitude of the Thing Placed differ » Firſt in this, that a Body . 
keeps alwayes the ſame Magnitude both when it is at Reſt, and. 
when it is Moved ; but when iris Moved, it does not keep tn 
ſame Place, Secondly, in this, that Place is a Phantaſme of any Bo- 
dy of ſuch and ſuch Quantity and Figure; bur Magz:tude is the pe-, 
culiar Accident of every Body ; for one Body may at ſeveral times 
have ſeveral Places, but has always one and the ſame Magnitude. 
Thirdly, in thiszthat Place is nothing out of the Mind,nor Magnitude - 
any thing within it. And laſtly, Place is feigned Extenfion but Mag- 
zitude true Extenſion , and a Placed Body is not Extenſion, but a. 
Thing Extended.Beſides, Place is Immoteable; for ſeeing that which 
is Moved, is underſtood to be carried from Place to Place,if Place 
were Moved, it would alſo bc carried from Place to Place, ſo that, 
one Place muſt have another Place, and that Place another Place, 
and ſo on infinitely, which is ridiculous, And as for thoſe , that by 
making Place to be of the ſame Nature with Real Space, would from 
thence maintain it to be Immoveable , they alſo make Place 
(though they do nor perceive they make itſo) to be a meer Phan. 
taſme. For whileſt'One affirms that Place is therefore ſaid ro be; 
Immoveable, becauſe Spaceingeneral is conſidered there g it he 
had remembred that nothing is General or Univerſal beſides 
Names or Signes,he would cafily have ſeen thar that Space which 
he ſayes is conſidered in generalis nothing bur a Phantaſme inthe 
Migd or the Memory, of a Body of ſuch Magnirude-and- ſuch. Fir 
gure. And whileſt another fayes , Real Space is made Immove-, 
able by the Underſtanding z as when under the Superficies of 
running water,we imagine other and other water to come by con- 
rinual ſucceſſion, that Superficies fixed there by the Underſtand- 
ing is the /mmoveable Place of the River, what clfe does he make it 
to be but a Phantaſm, though he doe it obfcurely,and.n perplexed 
words? Laſtly, the nature of ?lace does not conſiſt in- the Su- 
 perficies of the Ambient , but in Silid S:ace, forthe whole Placed 
Body is coextended with its whole Place, and eve part of it 
withevery anſwering part of the ſame Place; bur ſieve ow þ 
Place 
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Placed Body is Solid Fling: 11 cWPERS 
vegcninlels  pargs be moved rogernex, wh ir 2 Or how. cats 
the internall Parts of it be Moved,but by leaving theix PlacezBut 
the incernal Parts ofa body canngr, leave the. Snperiicies of anex- 
ternal part” contiguous to, it; and therctgrs.ig followes. , thar; if ' 
Place'be'the Superficies. of the Ambicgt , then the. patts: ob a 
Body Moved, that is Bodies moved, are nor Moved, | 


- 


Space (or Place) that is polleſſedby a Body, is called FULL, 
and that which is'not ſo pollefted is called £MPT v. 

7 Here, There, In the Country, 18 the; City.z ang, other the like 
Naines by which anſwer 15. made to the queſtion, #here 75 it, are: 
not properly Names of Place , nor doe they. of. rhemtelves being 
into the mind rhe Place rhar 15 ſought; for Here and There ſignific 
nothing, untefle che thing be ſhewn ax the ſame time with che. 
finger or ſomerhing elſe, hut Wea the Eye of him that ſeeks, is 
b {ponngs or ſome orher{igne, directed to the. thing ſonghr,cthe.. 
Place of iris nor herehy Sepnedby him tharanſwers bur found: 
- out by him thax askes the queition, Now; ſuch Shewings aSare. 
made by words onely,as when we lay, [z the Countrey, or In the City, 
are ſome of greater latitude then others,as when we ſay 1» the Coun. 
trey,1n the City,Inſuch a Street, In «Hauſe,Ia the Chamber,In Bed,8c,For, 
theſe dob) lite and lirzle dirc& the Segker. neerer to the proper. 
PAD) et they do not determine the ſame; bur one]y reſtrainir. 
r6 a leſfer Space,8; Pte no more then that thePlace of rheThing. 
is withih a certain Space deſigned by thoſe. VVords , as a Part is in 
the Whole. And all ſvch Names(by which anſwer is made to the. , 

ueſtion #þe&re) haye for their higheſt. Geaws, rhe Name Somewhere, 

ronk whehce it may be underſtood, that. whatſoever is Some- 
where, 1s in ſome Place properly ſo called, which Place is part of- 
that greater Space that 1s {ſignified by ſome of theſe Names, 1z the 
Countrey, In the C: Ws or the like, 

©'8 A Body;zand the Magnirude, and the Place thereof, are divi-, 
ded'by one and the ſame a& of the Mind;for, to divide an Extend - 
cd Pody z and the Extenſion thereof, and the Idea of that Exten- 
fion, which is Place, is the ſame with dividing any- one of them; 
becauſe they are -oincident,and it cannot be dohe butby the Mind, 
that is by the Diviſion of Space, From whence it is manifeſt, that 

nei- 


- 


oy : þ I F 5 4 bby po 7) 
4m ig the ſame Place 5 nor One 
Sg De he tame Time. Not Two Bodies in the 
or that fills irs whole Place is di 
mel in fie is divided into/Two alſo, fot 
there will be 5 De Gm One Body in Two Places, for, the 
_ rd z divided into Two ,.the Placed 
if heats divi up ing wo, (for, asI ſaid, a Place and the ho” 
ct ffs that lace i Aided borh rogerher )/ and 50: there! 
berWwo Bodies, _ 3 1.6.2 gat: 
9 Two Bodies ae ſaid to be Contiguous to, one an wa andiCon- 
trual,in the ſame manner as Spaces are z, namelys. thoſe 1are' Canti- 
gon, berween which there is 10 Space.Now by Space-L underſtand _ 
as formerly an1dea or Phantaſme of a Body,, \Vherefore,though 
berween two Bodies there be pr) no. other Body,and conſequently 
ris Magriitude, or (as they call it) Real Space, yer.if another Body 
may be put berweenthemthar is, it chere intercede any:imagined 
Space which may receive another Body, then thoſe Bodies are nor 
onriguous, And! tbis 1 is ſo,calie tg be underſ}god ;ithart ſhould 
oor at omemen, who being otherwiſe skilfubenougtvdn Phi- 
loſof Y are of a different 0 opinion > but thatT findetharmoſtiof 
thole that affect Metaphyſica lubrilciey wander from Truth, as-if 
they were led out of rj wa byan Ignis Fataus,, For canany man 
that has his natural Senſes, t that two. Badies muſt therefore 
neceſſarily Touch one another , becauſe no other. Body is between 
them; Of that there can be no /; acuum;becauſe Fectum 1s nothing,or 
as they call it, Ngz Es Which. 1$4s childiſh, as if oneſhould 
reaſon thus; No Man can Faſt, becauſe to Faſt is to ear Nothing ; 
bnr Nothi ing cannot be eaten, Contimual, are any two Bodzes that have 
4 common parts and more yn. two are Contizual , when ew” two that ave 
next t0 one another, are copt tiual 
10 M OTION , "4+ Pm Engl ed, ne Place, and ac qut- 
rig of azother ; and that f eupon which is relinquiſhed is commonly 
called the Teriinw4 quo, asthart which is acquired: is called the 
Terthrius a4 wer ; Tay a cootinual Actoguihing.beranſ eno Bo- 
dy, how litth tle [78 er, can.totallyand.aronce.go-aut of zrsTorrnier 
Plate intoonorher, Neebirt hat,ſome pas: of jt will be.iy-a part of 
Plate which i: is common wob oth, pamely, to the zclinquithed and 


theacquired Places; RR example, let any Body be in the Place 
AC 


&-- - uf D x -,F whoſe part .BD LK 1s: 
wig! | "common to both the Places 
GHIK, and BDEF. Now it cannot be conceived that any 
thing can be Moved without Time; for Time , is by the Definition 
of it, a Phantaſme, that is a Conception of Motion, and therefore 
to conceive that any thing may be Moved without Time , were to 
conceive Motion without Motion, which is impoſſible. 

' 11 That's ſaid to be at Reſt , which durfng any time is in one place; and 
that. to be Mrved, or to hate been Moved , nhich whether it be now at Reſt, 
or Moved, ww formerly tn another Place then that which it ts now 1n, From 
which Definitions it may be inferred,Firſt,that Whatſoever ts Moved, 
has been Movled ; for if it be ſtill in the ſame Place in which it was 
formerly, itis arReft, that is it is not Moved, by the Definition of 
Reſt ; butif-itbe in another Place, jt has been Moved, by the Defi- 
nition of Moted.' 'Secondly, that what is Moted , will yet be Moted ; 
for that which is Moved, leaveth the Place where tris , and there- 

fore will be in another Place, and conſequently will be moved ſtill. 

Thirdly, that whatſce Ter is Mor ed, is not in One place during any. time, 

hav little ſoever that time Le, for by the Definition of Reſt;char which 

is in one Place dbring any rime;, is atReſt. | 

There is a certain Sophiſme againſt Motion , which ſeems to 
ſpring from the not underſtanding of this laſt Propoſition.For they 
oy, that, 1f ay Body be Moted, it s Moved either in the Place where it 
is, or in the Plage where it is not; both which are falſe, and therefere nothing 

i Moted, But the falſity lies in the Major Propoſition; for that 

which is Moved, is neither Moved in the Place where it is , nor in 

the Place where it is not; but from the Place where it is, to the 
Place where it is not. Indeed it cannot be denied but that whatſo- 
ever is Moved, is Moved ſomewhere, that is, within ſome Space; 

but then the Place of that Body is not that whole Space , but a 

part of it; as is ſaid above in the ſeventh Article. From what is 

above demonſtrated, namely, that whatſoever is Moved , has _ 
| en 
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been Moved, and will be Moved, this alſo may be colleted, that 
there can be no conception of Motion , without conceiving Paſt 
and Future time. » 

12 Though there be no Body which has not fome Magnitude, 
yet if when any Body is moved, the Magnitude of ir be nor at all 
conſidered, the way it makes it called a LINE, or one ſingle Di- 
menſion;8& the Space through which ir paſleth,is called LEN GT H; 
and the Body it (elf, a ?O1NT, in which ſenſe the Earth is cal- 
led a Pozzt, and the VWAay of its yearly Revolution, the Ecliptick 
Line, But if a Body which is Moved, be conſidered as log, and be 
ſuppoſed to be ſo Moved> as that all the ſeveral parts of ir be un- 
deritood to make ſeveral Lines,then theWay of every part of that 
Body is called BREADTH, and the Space which is made is cal 
led SUPERFICIES, conſiſting of two Dimenſions , one where- 
of to every ſeveral part of the other is applyed whole. Again, 
if a Body be confi f 2 as having Superficres , and be under- 
ſtood to be ſo Moved, that all the ſeveral parts of it deſcribe 
ſeveral Lines, thenthe Way of every part of that Body is called 
THICKNESS, or DEPTH, and the Space which is Made is called 
SOLID, conſiſting of three Dimeniions, any two whereof are 
applyed whole to every ſeveral part of the third. | 

But if a Body be conſidered as Sura, then it is not poſſible that 
all the ſeveral parts of ig ſhould deſcribe ſeveral lines; for what 
way ſoever it be Moved, the way of the following part will fall in- 
to the way of the part before it, ſo that the ſame Solid will ſtill 
be made which the formoſt Superficies would have made by it 
ſelf. And therefore there can be no other Dimenſion in any Body, 
as it is a Body, then the three which I have now deſcribed; though 
as it ſhall be ſhewed hereafter, Velocity , which is Motion accord- 
ing to Le-gth, may by being applyed to all the parts of a Sulza, 
make a Magnitude of Motion conſiſting of four Dimenſions;as the 
goodneſs of Gold computed in all the parts of ir makes the Price 
and Value thereof, | 

13 Zodzes (how many ſoever they be) that can fill every one the 
place of every one, are ſaid tobe EQUAL every one to every 0- 
ther. Nowjone Body may fill the ſame Place which another Bo- 

dy filleth, though ir be not of the ſame Figure with that other Bo- 
dyait ſo be that it may be underſtood to be reducible ro the _ 
M t- 
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Fipure;eitherby Flexion or Tranſpofirion of the (parts. And Owe 
Body #4 GKEATER Ther: another Botly, when a part of that'ls equal to all 
this; and LESSE , whenall that # equal to4 part of this. Allo Mug- 
witades are E jual, or Greater,or Leſſer then one another for rhe ſame 
conſideration, namely , when the Bodies of which they are the 
Magnirudes, are cither E qual or Greater or Leſſe , 8c. 

14 One andrhe ſame Body , is alwayes of one and the ſame 
Magnitude:For secing a Body and the Magnitade and Place there. | 
of cannot be comprehended in the Minde, otherwiſe then as they 
are Coincident, it any Body be underſtood tobe ar Reſt, rhar is, ro 
remain in the ſame Place during ſome time, and che Magnirude- 
thereof be in one part of tharrime Greater , and in another part 
Lefſe, that Bodies Place, which is one and the fame; will be co- 
incident ſometimes with Greater, ſometimes with Leſfe Magni- 
rude, that is, the ſame Place will be greater and effe then it ſelf, 
which is impoſſible. But there would be no need at all of Demon- 
{trating a thing rhat 1s in it ſelf ſo maniteſtzif there were not ſome,. 
whoſe opinion concerning Bodies'and their Magnirudes ts , thar a 
Body may exiſt ſeparated from irs'Magnitude , and have greater 
or leſſe Magnitude beſtowed upon ir, making uſe of rhis Principle 
for the explication of rhe nature of Raram and Derſum., 

15 Motion, in as much as a cerrain Length may ina certain 
Time be tranſmitted by it, is called vELociTY or Swiftnef : 

.&c. For though Swift be very ofren underftood with relation to: 
Slower or leff Swift, as Great is in reſpe@ of Leſs, yet nevtrtheleſs, 
as A is by Philoſophers raken abſolucely for Extenſion,ſo 
alſo Veaoezty or SeftnefFmay be put abſolutely for Motion accord 
ing to.Length, : 

16 Many Motions are ſaid tobe made in Equal Times , when 
every one of them begins and'ends together with ſome other Mo- 
tion, orif it had begun together}, would alſo have ended toge- 
ther with the ſame. For Time which is a Phantaſme of Mo 
tion, cannor be reckoned but by ſome expoſed Motion, as in Dials 
by the Motion of the Sun or of the Hand ; and if two or more Mo- 
tions begin and end with this Motion, they are ſaid'to be made.in 
equal times , from whence alſo it is cafie to underſtand what it: 
is to be moved in Greater or Longer time, & in leflc time or not {o- 
long; namely, that thae is longer Moved,which beginning with wy 

other 
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other ». ends: later '; or- ending, ic x » began. ſooner, 
17 Motionsace ſaid-co be EquallySwifez when, Equal 

are tranſmitted in Equal times; and. Greater Swiftneſs is | 

wherein Greater length is. paſſed in Equal time , or Equal 


length in leſs time, Alſo thar Swiftneſs by whi ual | 
td in Equal parts of time, isc Hy —_ 


Monon ; and - _—_— n0t _—_ > a as become c9gs or 
Slower ual Incrca or Decreg in equal parts of time, 
are ſaid She wer Tens re kniformy. 

18 But Motion isſaid to be Greater, Lefle:, and Equalnor one» 
ly in regard of the Length which is tranſmitted in a certain time, 

t is, in regard of Swiftneſs onely , but of Swiftneſs applyed to 
every.ſ{malleſt particle of Magnitude; For when IIy 15 Mo- 
ved, every part of it is alſo Moved; and ſuppoſing to be 
halves, the Motions of thoſe halves have their Swiftne(s equal to 
one another, and ſeverallyequal to that of the VVhole;but che Mo» 
tion of the Whole is equalto thoſe two Motions, citherof which 
is of equal Swiftneſs with it; and therefore it is one thing for twa 
Morions to be Equal to one another , & another thingfor them to 
be Equally Swift. And this is manifeſt in rwo Horſes that draw a- 
_ where the Motion of both the Horſes t er is of Equal 
Swiftneſs with the Motion ofcither of them ; but the Motion 
of both is Greater then the Motion of one of them,namely Double. 
Wherefore Motions are ſaid tobe ſimply Equal to one another when the 
Swiftne ff of one computed 11 every: part of 1ts-Magnitude, is Equal tothe 
Sw:ftnes of the other coputed alſo in every part of its Magi Greater 
then ore another hen the Swiftne of one computed as abotegs Greater then 
the tata of the other-ſo computed , and Leſſe, nhen Leſſe.Befides, the 
Magnitude of Motion computed in this manner is that which is 
commonly called FORCE, 

19 Whaiſceler is at Reft , will almayes be at Reſt, unlef{ there be ſome 0+ 
ther Body beſides it, which by endeauouring to get into its Place _— 
fers it no longer to remazn at Refi. For (uppoſe that ſome Finite <A 
exiſt , __ at Reſt, and that all Space beſides be Empty; it now 
this Body begin ro beMoved, it will certainly be. Moved ſome | 
way; Secing therefore there was nothing in that Body which did 
not diſpoſe it to Reſt, rhe reaſon why it is Movedthis way is in 
ſomethung out of it; and in like Genre ikit had becn Moved my 
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other way, the reaſon of Motion that wonman alſo been.in-ſome- 
thing out of it; bur ſeeing it was ſuppoſed Yhat Nothing is our of 
it, the reaſon of irs Motion one way would Be the ſame with the 
reaſon of its Motion every other way z wheretoce it would be Mo- 
ved alike all wages at once;which is impoſſible. * 

In like manner, #hatſoe ver is Moued, will aliayes be Moved , except 
there be ſome other Body beſides it, which cauſeth tt to Reſt. For it we ſup- 
poſe Nothing to be without it, there will be no reaſon why it 
ſhould Reſt now» rather then at another time ; wheretore its Moti- 
en would ceaſe in every particle of time alike ; which is not intel- 
ligible. 

"When we ſay 4 Living Creature, a Tree, or any other ſpecified 
Body'is Generated , or Deftroyed , it is not to be ſo underſtood as it 
there were made a Body of. that which is not-Body, or not a Body 
of a Body , bur of a Living Creature not a Living Creature , of a 
Tree not aTree, 8c. that is, that thoſe Accidents for waich we call 
one thing a Living Creature,another thing a Tree,and another by 
fome other Name, are Generated and Deſtroyed;andthar rhere-- 
fore the ſame Names are not to be given to them now,which were 
rn emom before. But that Magnitude for which we give to.any 

ing the Name of Body is neither Generated nor Deſtroyed. For 
though we may feign in our Mind that a Point may ſwell to a huge 
bulk, and that this may again contra it (clfe to a-Point , that 15, 
though we may imagine ſomerhing to ariſe where before was No- 
thing, and Nothing to be there where before was ſomerhtng ,. yet 
we:cannot comprehend in our Minde how this may poſſibly be 
done in.Nature. And therefore Philoſophers, who tye themſclves 
to. Naturall Reaſon,. Suppoſe that a Body can neither be Genera- 
ted nor Deſtroyed, bur onely that it may appear otherwiſe then it 
did to Us, that is under different Speczes, and- conſequently be cal- 
led by other and other Names ; "4 that that which is now called 
Man, may at another time have the Name of Not-Man ; but that 
which is once called Body, can never be called Not-Body. Bur it 
15 manifeſt, that all other Accicents beſides Magnitude or Exten- 
fion may be Generated and Deſtroyed; as when a: White thing is 
made Black, the Whiteneſs\that was in it Peritheth ,. and: the 

Blackneſs that was not in it isnow Generated , and therefore Bo+ 
dics,and the Accidents under which they appear diverſly , have 
| this- 
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this difference, that Bodies are Things, and not Generated; Acci- 
* dents are Generared, and not Things. 

21 And therefore when any thing appears otherwiſe then it 
did, by reaſon of other and other Accidents, it is not to be thought 
that an Accident gocs our of one Subje& into anothet(for they are 
not, as I ſaid above, in their Subjets as a Part in the Whole, or as 
a Conteined thing in that which Conteins it, or as a Maſter of a 
Family in his Houſe,) but that one Accident Periſheth , and ano- 
ther is Generated, For example, when the Hand being Moved, 
Moves the Pen, Motion does not go out of the Hand into the Pen, 
tor ſo the Writing might be continued though the Hand ſtood 
ſtill, but a new Motion. is Generated in the Pen, and is the Pens 
Motion, | 

22 And therefore alſo it is improper to ſay an Accident is: 
Moved; as when in ſtead of ſaying, Frgure is az Accident of a Body car- 
ried away, we ſay, A Body carries away its Figure, 

23 Now that Accident for which we give a certain- Name to 
any Body, or the Accident which denominates its Subje& is corn- 
monly called the ESSENCE thereof; as Rationality is the El- 
ſenceof a Man , Whiteneſs ; of any White Thing and: Extenſi- 
on the Eſſence of a Body.. And the ſame Eſſence in as much as it: 
is Generated, is called the FORM. Again, a Body, in reſpe& of 
any accident is called the SuBJECT,and in reſpe& of the Form.it: 
is called the MATTER, | 

Alſo, the Production or Periſhing of any Accident , makes its 
Subje@ be ſaid to be Changed; onely the ProduCtion or Periſhing of 
Form, make it be ſaid it 13 Generated or Deſtroyed; but in all Gepera- 
tion and Mutation, the name of Matter ſtill remains. For a'Table- 
made of Wood, is not onely Wooden, but Wood; and a Statue of 
Braſs is Braſs as well as Brazen ; though Ariſftetle in his Metaphy- 

fiques ſay,that whatſoever is made of any thing ought not to be cal- 
led exams» but tuner as that which is made of Wood not Eon but: 
ZZ wor tht is, not Wood, bur Wooden. 

24 And as for that Matter which is common to all things, and' 
which Philoſopters following Ariſtotle, uſually call Materia Prima, 
that is,Firſt Matter,it is not any Body diſtin& from all other Bodies, 
nor is it one of them; What therr is it > A mere Name; yet 
Name which is not of vain Uſe, for it ſignifies a- $3" 
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Body withoutthe con{tderation of any Form or other Accidentiexs- 
cept onely Magnitude or Extenſion, & aptneſs to receive Forne8. 
other Accidents;{o that whenſoever we-haveule of the N 

1n general, if we uſe that of Materia Primaywe-dowell.For as, when 
a Man not knowing which was firſt, VWarterarIce,would finde our 
which of the two were the Matter of both,he would betain to fup- 
poſe ſome third Matter which: were- neither of theſe two, ſo he 
that would finde out what is the Martter of all —__— to ſup- 
poſe ſuch as is not the Matter of any thing that exiſts. VVherefore 
Materia Prima is no Thing; and therefore they do notattribute to 
iteither Form or any other Accident beſides Quantity ; whereas 
all ſingular things have their Forms and Accidents certain, | 

Materia Prima therefore is Body in general , that is Body confi- 
dered Univerſally, not as having neither Form:nor any Accident, 
but in which no Form nor any other Accidentbut Quantity arc at 
all conſidered, that is, they are not drawn into Argumentation. 

25 From what has been ſaid, thoſe Axiomes may be demon- 
ſtrated which are aſſumed by Ewlide inthe beginning of his firſt 
Elementabout the Equality and Inequality of Magnitudes ; of 
(which omitting the reſt) I will here demonſtrate onely this one, 
The Whole is greater then &:y Part thereof ; to the end that the Reader 
may know that thoſe Axioms are not indemonſtrable,s: therefore 
not Principles of Demonſtration; and from hence learn tobe wary 
how he adraits any thing for a Principle, which is not at leaſt as e- 
videntas theſe are, Greater is defined to be that, whoſe Part 1s E- 
qual to the VVhole of another. Now if we ſuppoſe any Whole 
tobe A, and a Part of it to be B; ſeeing the Whole B. is Equal to 
it ſelf, and the ſame B is a Part of A; therefore:a Part of A will 
be Equal tothe VV hole B. VVherefore by the Definition above, A 

is Greater then By which was to be proved. 
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| Of Caule and Effect, 


1 Attion.and P afſion what they are. 2 e«Atltion anil Paſſion Mediate and 
Immediate. 2 Canſe famply taken. Cauſe withnet which no Effe# follews, 
ar Cauſe Neceſſary by S uppeſition, 4 Cauſe b fficient ar Material. i5 Hn 
Entire Canfe 1s Gerd ient ro produce its Effet, 4r rhe \ſume inſtant 
that the Cauſe is Entire, the Effeft x produced. Every Effe® has ® Neceſſa- 
ry (anſe. 6 TheGenerationof Effetts is Continual, What 'is the Begin- 
ning in Canſation, 7 No Canſe of (Motion but;in 4 Bady Contiguous and "_Y 
Aloved, '$ The fame Agents and Patients if alikg diſpoſed , produce like 
Effrits, though at different rimes, & All Mutation is Motion, 10 Con- 
ringent Accidents what they are, | 


EZ Arm. Body is ſaid'to VVork upon'or 48, that is to 
#2 ſay, Do ſome thing to another Body, when it 
ge. cither generates or deſtroys forme Accident 

7 SEAS. Init; andthe Body in which 'an Accidentis 
CN generated or deftroyed is ſaid to Safer, tharis, 
4*: t) 4 te have ſomething Dore to it by another Body, 

" Wea As when one Body by purting forwards ano- 
ther generates Motion in it, 'itis called the AGE N7; and 
the Bad in which Motion is ſo generated, is called the 
PATIENT; fo Fire that warms the Hand is the Apent, and the 
Hand which is warmed is the Patient. That Acci which is 
generated in the Patient is called the EFFECT. 

2 When an Agent and Patient are Contignous to.one another, 
their Aftion andReaſon are then ſaid to be mmed;ate , otherwiſe 
Mediate; and when another Body lying berwixt the Agent and Pa- 
tient is Contiguous to them borh, ir is then it ſelf both an Agent 
and'a Patient ,an Agent in reſpe& of the Body next after it, 
upon which it Works, and a Patient in reſpe@ of rhe Body next 
before it, from which ic ſuffers. Alſo.it many Bodies be ſo orde- 
red that every two which are-hiext to one another be contiguous, 
then all thoſe that are betwixt the firft and the laſt are both A- 
um and Patients, and the firſt is an Agent onely , and the laſt a 

atient onely. 3 An 
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3 An Agent is underſtood to produce its determined or certain 
Effe& in the Patient, according to ſome certain Accident, or Ac- 
cidents, with which both it and the Patient are aftefted; thar is to 
ſay, the Agent hath itsEffe& preciſely ſuch , nor becauſe ir is a 
Body, but Pecan ſuch a Body, or ſo Moved; For otherwiſe all A- 
gents, ſccing they are all Bodies alike, would produce like Effects 
inall Patients ; and therefore the Fire (for example ) does not 
warm, becaulce it is a Body, but becaulc it is Hot; nor does one Bo- 
dy-put forward another Body becauſe it is a Body , but becauſe ir 
is moved into the place of that other Body; The Cauſe therefore 
of all Effects coniifts in certain Accidents both in the Agents and 
in the Patient; which when tney are all preſent, the Effe& is pro- 
| duced; bur if any one of them be wanting it is not produced; and 
that'Accident either of rhe Agent or Patient, without which the 
Effe& cannot be produced, is called Cauſa ſine qua n0z, or Cauſe Ne- 
ceſſary by Suppoſition , as allo rhe Cauſe Requiſite for the Produttion of + 
the Effet, Buta CAUSE, ſimply, or Az Entire Cauſe, us the Aggregate 
of all the Accidents both of the Aoents how mary ſoever they be, and of the 
Patient, put tcgether; which whe: they are all ſuppeſed to be preſentit cannot 
be underſtood but that the Effef 1s produced at the ſame tnſtant ; and if any 
oe of them be wanting, it cannot be underſtood tut that the Effeft is not pro- 
duced, 

4 The Agpregate of Accidents in the Agent or Agents, requi- 
ſire for the produGtion of the Eftc& , the Effe& being produced, 
15 called the Efficzent Cauſe thereotzand the Aggregate of Accidents 
in the Patient , the Effe& ng produced , 1s uſually called the 
Material Cauſe ; Tay the Effet being produced ; for where there 
is no Effe& , there can be no Cauſe; for nothing can be cal- 
led a Cauſe where there is nothing that can be called an Ef- 
fe. But the Efficient and Material Cauſes, are both but Par- 
tial Cauſes, or Parts of that Cauſe which in the next. precedent 
article I called an Entire Cauſe. And from hence it is manifeſt, 
that the Effect we expect, though the Agents be not defeQive on 
their part, may nevertheleſs be fruſtrated by a defe& in the Pati- 
_ ent; and when the Patient is ſufficient, by a defeRin the Agents, 

5 An Entire Cauſe is alwayes ſufficient for the produ- * 
Ction of its Effe& , if the Effect be at all poſſible. For let a- 
ny Effe& whatſoever be propounded to be produced'; - the 

ame 
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ſame be produced, it 15 manifeſt that the Catiſe which produced: 
it was a ſufficient Cauſe; bur if itbe nor produced, and yer be pof- 
ſible , it 1s evident that ſomething was wanting either in {orc 
Agent, or in the Patient, without whuch ir could not be produced; 
that is, that ſome Accident was wanting which was requiſite for 
its ProduCtion; and therefore that Cauſe was not Extire , which is 
contrary to what was ſuppoſed. 

Ir pillows alſo from hence, that in whatſoever inſtant the Cauſe 
is Entice, in the ſame inſtant the Effe@ is produced, For if itbe 
not produced , ſomething is ſtill wanting , which is requiſite for 
the production of it ; and therefore the Cauſe was not Entire , as 
was {uppoled. 

And lceing a Neceflary Cauſe is define tobe that, which be- 
ing ſuppoſed, the Effect cannot but follow; this alſo may be colle- 
ed, that whatſoever Effet is produced at any time, the ſame 
is produced by a Neceſſary Caule.For whatſoever is produced, in 
as much as it 1s produced , kad an Entire Cauſe, thar is, had all 
thoſe things, which ny. 4 » it cannot be underſtood bur 
rhat the Effe& follows; that is, ic had a Neceſſary Cauſe. And in 
the ſame manner it may be ſhewn, that whatſoever Effects arc 
| hereafter to be produced,thall have a NeceſſaryCauſesſo that all 
the Effects, that have been or ſhall be produced , have their Ne 
ceſſity in things antecedent. | - 

6 And from this, that whenſoever the Cauſe is Entire,the Effe& 
is produced in the ſame inſtant, it is maniteſt, that Cauſation and 
the Production of Effects conſiſt in a certain continual Progrels , 
ſothat as there is a continual Mutation inthe Agent or Agents by 
the working of other Agents upon them , ſo alſo the Paticnt upon 
which they work is continually altered and changed. For exam- 

le, as the Heart of rhe Fire encreaſes more and more, ſo alſo tte 
Effects therco5,namely the Heat of ſuch Bodies as are next to it,& 
again of ſuch other Bodies as arc.next torh:<m, encreaſcs more & 
more accordingly;which is already no litle arzumentthar all Mu- 
tation conſiſts in Morion onely; the truth whereof ſhall be furtter 
demonſtrated in the ninth Article. Bur in this Progreſs of Cau- 
ſation, that is, of Action and Paſſion, if any ian comprehend in 
his imagination a part tEcreof, and dividethe ſame into partsztt e 

firſt part or Beginning of it cannor be conſidered orherwile then 
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2s Action or Cauſe for if it ſhould be confidered as EffeR: 
or Paſſion , then it would be neceſſary to conſider ſomething 
before it for its Cauſe or Aion z which cannot be; for no- 
thing can be before the Beginning. And in like manner , the laſt 
part15 conſidered onely as Effe& ; for it cannot be called Cauſe if 
nothing follow it z but aftcr the laſt nothing follows. And trom 
kence it is , thatin all Action the Beginning and Caule are taken 
for the ſame rhing. But everp one of the intermediate parts are 
both Action and Paſſion, and Cauſe and Effect, according as they 
are compared with the antecedent or ſubſequent part. 

7 There can be no Cauſe of Motion, except in a Body Contigu- 
ous, and Moved. For letthere be any two Bodies which are not 
contiguous, and betwixt which the intermediate Space is empty, 
or if filled, filled with another Body which is at Reſt; and let one 
of the propounded Bodies be ſuppoſed to be at Reſt , I ſay itſhall 
always beatReft, For if it ſhall be Moved,tne Caule of that Mo- 
tion (by the 8th. Chapter 19th. Article ) will be in ſome external 
Body; and therefore it between it and that external Body there be 
nothing but empty Space , ten whatſoever the diſpoſition be of 
that external Body,or of the Patient it ſelf, ye: if it be ſuppoſed to 
be now at Reſt,yve may conceive it wil continue fo til it be rouched 
by ſome other Body;but ſceing Caulſe(by the Definition)is the Ag- 
grezate of all ſuch Accidents, waich being ſuppoſed to be preſent 
1t cannot be conceived but that the Effect will follow , thoſe Ac- 
cidents which are citner 1n external Bodics, or in the Patient 1t 
{elf, cannor be the Caule of tuture Motion; and in like manner;,ſce- 
inz we may conceive, that whatſcever 1s at Reſt, will ſtill be at 
Reſt, though it be touched by ſome other Body , except that 
other Body be moved, therefore in a contizuous Body which 
isat Relt, there can be no Cauſe of Motion, VVhercforc there 
is no Cn of Motion in any Body, except itbe Contiguous and 
MoveJ. 

Thag ſame reaſon may ſerve to prove,that whatſocver is Moved, 
will atwayes be Moved on in the ſame wey and witch the ſame Ve- 
locity , except it be hindered by ſome other Contiguous and Mo- 
vel1Body; and conſequently that no Bodies cither when they are 
ar Reit, or whea there is an interpoſition of Vacu»m,can generate or- 
24ttnguliih or leflcn Motion in n; Bodies. There is one that has 
Writ= 
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written , that things Moved are more reſiſted by things at Reſt, 
then by things contrarily Moved, for this reaſon,chat he conceived 
Motion not robe ſo contrary ro Motion as Reſt, That which de- 
ceived him was, that the words Reft and 240:50z are bur con- 
tradictory Names ; whereas Motion indeed 1s not reliſted by Reſt, 
but by contrary Morton. 

8 Bur if a Body work upon another Body at one time,and afecr- 
wards the ſame Body work upon the ſame Body at another rime 
ſo, that both the Agent and Parient,and all their parts, be inall 
things as they were; and tiere be no difterence except onely in 
time, that is, that one Action be former the other later in time ; it 
is manifeſt of it ſelf, that the Effects will be Equal and Like ; as 
not differing in any thing beſides time, And as Effets themſelves 
proceed from their Caules; ſo the diverſity of them depends upon 
the diverſity of their Cauſes alſo. 

9 This beinz true, it 1s neceſſary that Mutation can be nothing 
elſe, but Motion of the Parts of that Body which is Changed. For 
Firſt, we do nor ſay any thing is Changed, but that which appears 
to our Senſes otherwiſe then it appeared formerly. Secondly, both 
thoſe Appearances are Effeds produced in the Sentient; & therc- 
fore if they be differ@t;it is neceſſary(by the'preceding article)that 
cither ſome part of the Agent which was formerly ar Reſt,is now 
Moved, and to the Mutation conſiſts in this Motion ;z or ſome part 
which was formerly Moved, is now otherwiſe Moved, and ſo 
alſo the Mutation conſiſts in this new Motion ; 'or which being for- 
merly Moved,is now at Reſt, which (as I have ſhewn above) can- 
not come to paſs without Motion, and fo again Mutation is Moti- 
on; or, laſtly, it happens in ſome of theſe mayners to the Patient 
or ſome of 1ts parts; ſo that Mutation, howſvever it be made, will 
.conſiſt in the Motion of the parts cither of the Body which is 
perceived, or of the Sentient Body , or of both. Mutation there- 
tore is Motion, (namely of the parts cither of the Agent or of the 
Patient;) which was to be demonſtrated. And to this it is conſc- 
qpents that Reſt cannot be the Cauſe of any thing ; nor canany 

Ction proceed from it , {ccing neither Motion nor Mutation can 
be cauſed by ir. | 
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10 Accidents, in reſpe& of other Accidents which preced® 
t'1em,or are before them in time,8 upon which they do nor depertd 
as upon their Cauſes, are called Contingent Accidents ; Ifay inre- 
{ped of thoſe Accidents by which they are nor generated, for in 
relpedt of their Cauſes all things come to paſs with equal neceſ- 
ſity, for otherwiſe, they would have no Cauſes atall z which «f ' 
things generatcd is not intelligible. 
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Of Power and A&, 


1 Power aud Cap are the ſame thing. 2 eAn Att « produced at the ſame 
inſtant in which the Power is Plenary.” 24 eAtltive and Paſſive Power 
are parts onely of Plenary Power. 4 An Att when ſaid tobe Poſſible. 
5 An Att Neceſſary and Contingent, what. 6 Attrve Power conſiſts in 
Motion, 7 (auſe Formal and Final, what they are. 


Orreſpondent to Cauſe and Efe# are 
POWEKkand ACT ; Nay, thoſe and 
theſe are the ſame things, though for 
divers conſiderations they have di- 
vers names.Forwhenſoever anyAgent 
has all thoſe Accidents which are ne- 
ceſſarily requiſite for the production 
CIGONE = of ſome Effect in the Patient,then we 
SEASEDEDI) [2y that Agent has Power to produce 
that Effe, if itbe applyed to a Pa- 
ticnt. But (as I have ſhewn in the precedent Chapter,) thoſe Acci- 
dents conſtirute the Efficient Cauſe; and rherefose the ſame Ac- 
cidents which conſtitute the Effgient Cauſe, conſtituce alſo the 
Power of the Agent. Wherefore the Power of the Agezt , and the 
Efficient Cauſe are the ſame thing. But they are conſidered with this 
difference, that C:#* is ſo called in way of the Effet already 
xoduced, and Poxer in reſpect of the ſame Effect to be produced 
Lrnatne, ſo that Cauſe reſpects the Paſt, Power the Futnre time. Al- 
ſo the Poxer of the Agent, 1s that which is commonly called 4#;te 
Pazer, . 
In like manner, whenſoever any Patient has all thoſe Accidents 
which ir is requiſite it ſhould have for the produdtion of fome- 
Effc& in it, we ſay it is in the Power of that Patient to produce that 
Effce, if ir be applyed to a fitting Agent. But thoſe Accidents(as- 
is defined in. the precedent Chaprer,) conſtitute the ; arg 
au (es 
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Cauſc; and therefore the Power of the Patient, (commonly called 

Paſſrue Power) and Material Cauſe are the ſame thing ; but with this 
different con(ideration, thatir Cauſe the Paſt time, and in Power 
the Future is reſpe&ed, Wherefore the Power of the Agent and 
Patient rogethcr, which may be called Entire or Plezary Power , is 
the ſame rhing with Eztire Cauſe z, for they both conſiſt in the Sum 
or A2gregate of all the Accidents as wellin the Agent as in the - 
Patient, whiehiaze requiſite tor the produttion of the Effet. Laſt- 
ly, as the Accident producedis in reſpedt of the Caulc. called an 
Ejjef ; ſo inreſpeS of the Power its called an AF, 

z As therctore the Effect is produced in the ſame inſtant in 
which the Cauſe is Entire; ſo alſo every A that may be produ- 
ced, isproduced.in rhe ſame inſtant,ia which the Power is Plena- 
ry. And as there can be no Effe&t , bur from a Sufficient and Ne- 
ceſſary Caule; ſoalſo no At canbe produced , but by Sufficient 
Power, or that Power by which ir conld nor but be produced. 

2 Andasir is manifeſt , ( asI have ſhewn) thay the Efficient 
and Material Cauſes are ſeverally and by themſelves parts onely 
of anEntire Cauſe , and cannot produce any, Effet but by being 
joyned together; ſo alſo Power Adive ahd Pafſfve, are parts onely 
of Plenary and Entire Pawer; nor , except they be joyned, can 
any A& proceed from them, and therefore thcſe Powers ( as I 
ſaid inthe firſt Article) are but conditionall, namely, the Agert has 
Poxer, if it be applyed to a Patreats and the Patrent has Power , of tt be ap- 
plyed to an Agent; otherwiſe neirlſſ® of them have Power, nor can 
the Accidents which are in them ſeverally be properly called 
Powers; nor any Action be ſaid to be Poſſible,tor tie Power of the 
Agent alone; or of the Patient alone. 

4 For that is an Impoſſible A& , for the produCtion of which 
there isno Power Plenary. For ſeeing Plenary Power is that in 
which all things concurre which are requiſite for the production 

of awrA&, it the Power ſhall never be Plenary, there will always 
be wanting ſome of thoſe things, without which the Act cannot ve 
produced;wherefore that Act thall never be produced;that is,that 
Adis IMPOSSIBLE : Andevery A which is not Impoſſible, 1s 
P OSSIBLE, Every ACttherefore which 'is Poſſible ſhall at ſome 
time be pro:luced ; for if.it ſhall never be produced, then thoſe 
tings ſhall never concurre which are requiſite for the ——_ 
0 


Pats *. 07 PHIBQSOPHT.: Ss 
of it ; wherefore that AQ is poſſible by the Defuinion; which is 
contrary to whar was -luppoled. 7. 19 1550 5 7 
5 aetar ren rome the produian whereof it is Impol- 
Gble to hinder ; and therefore every AR that ſhall be produced 
ſhall neceflarily be produced , for that ir ſhall not be ce is 
Impoſſible,becaule(as 15 already demonſtrated)every Poflible A& 
ſhall ar ſome time be produced; Nay, this Propoſition, what fball 
be, ſhall be, is as peceſſary a Propoſition, as this, A Man is & Man, 
But here pc&haps ſome man may ask , wherher rhoſe Future 
things,which are commonly called Contzagents, arc Neceflary.l ſay 
therefore thar gencrally all Contingents, have their Neceſſary 
Cauſes, (as is ſhewn in the preceding Chaprer,) bur are called 
Contingents in respect of orher Events npon which they do nor 
depend ; as the Rain which ſhall be to morrow , ſhall be Neceſſa- 
rily, (that is from neceſlary Cauſes;) but we think and ſay it hap- 
pens by chance, becaule we doe not yet perceive the Cauſes 
thereof, thouzh they exiſt now ; tor men commonly call chat Ca- 
ſua! or Contingent , whereaf thay do not perceive rhe neceſſary 
Cauſe and m the ſame manner —_—_— to ſpeakeot things paſt, 
when not knowing whether a thing be done or no , they 1ay it is 
poſſible it never was done. : 
Wherefore all Propofttions concerning Future things contin- 
gent or not.contingent, as this, It wel! rayne tomorron, or this,70 mMcr- 
row the Sunwill riſe, are cither neceſſarily true, or neceſſarily falſe; 
but we call them Contingent becauſe we doe not yet know whe- 
ther they be true or falſe z whereas their Verity depends not 
upon our Knowledge , but upon the foregoing of thcir Cau- 
ſcs. But there are ſome who though they confeſs this whole 
Propoſition , To morrov tt mill either rain or Ket rata, to be 
true, yet they will not acknowledge the parts of ir, as To 
morrow it will ra;3, or To mer70w it will ;.0t rats, to beccither of theny 
true by ir ſelf,becauſe they ſay neither this nor thar is true determz- 
nately, But what is this Jdetermizately true , but true upon our know- 
ledge, or evidently true > and therefore they ſay no more bur that 
it is not yet known whether it be true or no; but they ſay it more: 
obſcorely , and darken the Evidence of the truth with the ſame 
words with which they cndevour to hide their own ignorance. 


6, In the gth, Article of the precedent ChapterT have —_ 
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that the Efficient Cauſe of all Motion and Mutation confiſts in 
the Motion of the Agent or Agents; And in the firſt Article of this 
Chapter, that the Power of the Agent is the ſamething with the 
Efficient Cauſe. From whence 1t may be underſtood , that all 
Adtive Power conſiſts in Motion alſo; and that Power isnot a cer- 
tain Acatdent which differs from all Acts, but is indeed an Ac, 
namely Motion, which is therefore called Power;becauſe another 
A ſhallbe produced by it afterwards. For example if of three 
Bodies the firſt put forwards the ſecond , and this the third , the 
Motion of the ſecond in reſpe& of the firſt which produceth it, is 
the Ad of the ſecond Body, but in reſpe& of the third it is the 
Adtive Power of the ſame ſecond Body. 

7 The Writers of Metaphyſigues reckon up two other Cauſes 
beſides rhe Efficient and Material » namely the ESSENCE, which 
{ome call the Formal Cauſe ; and the Exd, or Final Cauſe; both 
which are nevertheleſs Eſhcient Cauſes. For when 1c is ſaid, the 
Effence of a thing is the Cauſe thereof, 4s to be Rational , is the Cauſe 
of May, it is not intelligible; for ivis all one as if it were ſaid, To be 4 
Man ts the Cauſe of Man, which is not well ſaid. And yet the know- 
ledge of the _ of any thing , is the Cauſe of the know- 
ledge of the rhihg it ſelfe ; for if I firſt know that a thing is 
Rational, ] know from thence that the ſame is ſas; but this is no 0- 
ther then an Efficient Cauſe. A F;nal Cauſe has no —_ but in ſuch 
things as hawe Senſe and Will; and this alſo I ſhall prove hercat- 
ecr to be an Efficient Cauſe, 
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Cn - e. X [. 
Of [dentity and Difference. 


What it is for one thing to Differ from another. 2 To Differ in Number, 
Magrit ude, Species and Genus, what, 3 What i Relation, Proportion, and 
Relatives, 4 Proportionals what. 5 The Proportion of C Magnitudes 
to one another, wherein it conſiſts, 6 Relation 1s no new Accident, but one 
of thoſe that were in the Relatrve before the Relation or Compariſon was 
made. eAlſo the (anſes of eAccidents in the Correlatrves are the Cauſe 
of Relation, 7 Of the Beginning of [ndividwation, 
1 MERE Itherto I have ſpoken of Body ſimply, and of 
| Pt Accidents common to all Bodies as Magnitude, 
# Bj} Motion, Reſt, Aflzon, Paſs ton, Power, Poſſible, &e. 
$55 Ard I ſhould now deſcend to thoſe Accidents 
2 by which one Body is diſtinguiſhed from ano- 
= : cr, but that it is firſt to be declared what 1t 
is ro be Diſt;n# , and z0t Diſtinf, namely what 
arc the SAME and DIFFERENT, for this alſo is common to all 
Bodies, that they may be diſtinguiſhed and differenced from one 
another. Now two Bodies are faid to Differ from one another, 
when ſomething may be ſaid of one of them,which cannor be ſaid 
of the other at the | bonk time, 

2 And firſt of all,it is manifeſt that noTwo Bodies are the Samez 
for ſeeing they arc Two, they are in two placesat the ſame time ; 
as that whichis the Same, is at the ſame time in one and the ſame 
place. All Bodies therefore Uiffer from one another in Nppnber, 
namely,as One and Another; ſo that the Same and different in\Num- 
ber are Names oppoſed to one another by Contradi@ion. 

In Magiitude Bodies diffet when One is greater then Another, 
as a Cubtt leg, and two Cubits long , of two pound weight,and of three 
pound werght, And to theſe, E a are oppoſed, 
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Bodies which differ more then in Magnitude are called #-l;ke, 
and thoſe which differ onely in Magnitude, LZ:ke. Alſo of Unlike 
Bodies ſome are ſa1d to differ in the S/ecres, other in the Ger, in 
the Speczes when their difference. is perceived by one and the ſame 
Senſe, as Whize and Black ; and in tac Germs, when their difterenceis 
not perceived but by divers Senſes, as White and Hot. 

3 And the Like-ef , or Uultkereſi, Equality or Ine quality of 
one Body to another , is called their RELATION, and the Bo- 
dies themſelves Relatives or Correlatiies ; Ariſtotle calls them +, 
79s 743 the firſt whereof 1s uſually named the Aztecedert, and the 
ſecondthe Con ſequent; and the R-latzoz of the Antecedent to the 
Conſequent according to Magnitude, namely, the Equality, the 
Exceſs or Defe& thereof, is called the PROPORTION of the 
Antecedent to the Conlequent, ſo that Proportzon is nothing but , 
the Equality or _— che Magnitude of the Antecedent 
compared to the Magnitude of rhe Contequent by their difference 
only, or comparedalſo with thcir difference. For Example, the 
Proportias of, Three to Two conſiſts only in this, that Three exceeds 
Two by Uniry; and the Proportion of Two to Five in this , that 
Two.comparcd with Five is deficzezt of it by Three, either ſimply, 
or compared with the numbers different ; and therefore in the 
Proportion. of Uncquak , ttc Proportion of the Lefle to the 
Greater iscalled DEFECT, andthat of rhe Greagcr to the Leſle 
EXCESS, 

4 Beſides, of Ulnequais, ſome are more, ſome leſſc, and ſome e- 
qually unequall; ſo that there is P/6portion of Prop:7tzo .5,as well as 
of 11:2: itazes, namely, where two Uncquals Fave relation to two 
ot her Unequals; as when the Incquality which, 1s between 2 and 
3 is compared with the Incquality which. is between, 4 and $5. 
In which Compariſon there are alwayes fovr Magnizudes , or 
(which 1s all one) if there be bur three, rhe midlemoſlt js twice 
numbred; and if rhe Proportion of the firſt to the second be equal 
to the Proportton of the third to the fourth, then the four are {aid 
to be Proportzenals ; orherwiſe they are not Proportionals. 

5 TheProporton of the Antecedent to.the Conſequent, con- 
{its in ticir Difference, not onely fimply taken, but alſo as compa- 
re4 wit one of the Relazives z that 1s, either in that part of the 
grcatcr by which it excceds the lefle, or in the Remainder _ 
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Five,confiſts in rheThree by which Five exceeds Twoynot inThree, 
ſimply onely , but alſo as compared with Five or Two. For 
though there be the ſame difference between Two & Five, which 
i5 between Nine and Twelve, namely Three, yer there. is not the 
ſame Inequality; and therefore the Proportion of "Two to Five , is 
not- in all Relation the ſame with that of Nine to Twelve, but 
onely in that which is called Arithmetical. 

6 But we mult not ſo think of Relation, as it it were an Acci- 
dent differing from all the other Accidents of the Relative;but one 
of them ; namely that, by which the Compariſon is made. For 
example, the likeneſs of one White to atiothermhite , of its Unlike- 
nels to Zlack, 1s the ſame Accident with its Phiteneſ ; and Equalzty 
and 1.equality, the ſame Accident with the Magzirade of the thin 
compared, though under another Natnez forthat which is calle 
white or Great , when it is not compared with ſomethung elſe, the 
ſame when it 15 compared is called Like or #alike, Equal or Un- 
equal, And from this it follows , that the Cauſes of the Acci- 
Sents which are in Relatives, are the Cauſes alſo of Likenef/ , #- 
likeneſs, Equality and Inequality,namely,that he that makes two Un- 
equal Bodies , makes allo their Inequality ; and he that makes a 
Rule and an Action,makes alfo, if the Action be congruous to the 
Rule, their Congruity ; if Incongruous, their pon. 4 And thus 
much concerning Compariſoz of one Body with anorher, 

But the ſame Body may at different times be Compared 
with it ſelf. And from hence ſprings a great controverſie among 
Philoſophers about the Beginning of Inditiduationy namely, in 
what ſenſe it may be conceived that a Body is at one time the 
ſame, at another time not the ſame it was formerly, For example, 
whether a Man grown old be the ſame Man he was whileſt he was 
young, or another Man; or whether a City be in different Ages the 
ſame; or another City. Some place 7:d:trduityin the Unity of Mat- 
ter z others in the Unity of Ferm, and one ſayes ir conſiſts in the 
Unity of the Aggregate of al the Accidents together, For Matter , it is 
pleaded, that a lump of Wax,whether ir be Spherical or Cubical, 
15 the ſame Wax, becaule the ſame Matter. For Form, that when 
a Man is grown from an Infant to be an Old Man, though his Mat- 
ecr be changed, yet he is ſtill the ſame Numerical Man for that 
O 2 ” Iles 
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Identity which cannot be attributed to the Matter, ought probably 

to be aſcribed to the Form. For the Aggregate of Accidents no In- 
ſtance can be made ; but becauſe when any new Accident is gene- 

rated, a new Name is commonly impoſcd on the Thing, therefore 

he thar aſſigned this cauſe of 7:4; wants thought the thing 1t (elf 
. alſo was become another thing. According to the firſt Opinion, He 

thar ſins, and he that is puniſhed ſhould nor be the ſame Man , by 

reaſon of the perpetual flux and change of Mans Body ; nor 

ſhould the City which makes Lawes in one Age, and abrogates 

them in another; be the ſame City; which were to confound all 

Civil Rights. According to the ſecond Opinjon, two Bodies exiſt- 

ing both at once, would be one and the ſame Numerical Body; for 

if (for example) that Ship of Theſews (concerning the Difference 
whereof, made by continual reparation, in taking out the old 

Planks, and putting in new , the Sophiſters of Athezs were wont 

to diſpute) were, atter all the Planks were changed, the ſame Nu- 

merical Ship it was at the beginning z and if ſome Man had kept 

the Old Planks as they were taken our, and by putting them. afcer- 

wards together in the ſame order,had again made a Ship of them, 

this without doubt had alſo been the ſame Numerical Ship with 

that which was at the beginning; and ſo there would have been 

two Ships Numerically the ſame, which is abſurd.But according 

to the third Opinion, Nothing would be the ſame it was; ſo that a 

Man ſtanding, would not be the ſame he was fitting ; nor the Wa- 

ter which is 1n the Veſlel, the ſame with that which is pourcd out 

of ir. Wherefore the beginning of Indiuiduatios is not alwayes to 

be raken cither from Matter alone,or from Form alonc. 

But we muſt conſider by what name any thing is called , when 
we enquire concerning the 7deztztyof it; for it 15 one thing to ask 
concerning Socrates whether he be the ſame Man , and another to 
ask whether he be the ſame Body ; for his Body when he is Old, 
cannot be the ſame it was when he was an Infant , by reaſon of the 
difference of Magnitude; for One Body has alwayes One and the 
ſame Magnitude yetnevertheleſs he may be the ſame Man.And 
therefore whenſoever the Name by which it is asked whether a 
thing be the ſame it was, is given it for the Matter onely , then if 
the Matter be the ſame, the thing alſo is 12d:widually the ſame ;z as 
the Wat rxh'c1 was inthe Sea, is the ſame which is afterwards 

in 
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in the Cloud, and any Body is the ſame , whether the parts of it 
be put together, or diſperſed, or whether it be con ealed or diflol- 
ved.Alſo if the Name be given for ſuch Form as is Ge beginning of 
Motion, then as long as that Motion remains it will be the ſame 
[rdiuidual thing, as that Man will be alwayes the ſame, whoſe A- 
&ions and Thoughts proceed all from the ſame beginning of Mo- 
tion, namely, that which was in his generation ;z and that will be 
the ſame River , which flows from one and the ſame Fountain, 
whether the ſame Vater, or other Water,or ſomething elſe then 
Water flow from thence;and that the ſame City,whoſe Ads pro- 
ceed continually from the ſame Inſtitution , whether the Men be 
the ſame or no. Laſtly, if the Name be given for ſome Accident, 
then the 1dezt:tyof the thing will depend upon the Matter ; for by 
the taking away and ſupplying of Matter, the Accidents that were 
are deſtroyed, and othar new ones are generated,which cannot be 
the ſame Numerically; ſo that a Ship, which ſignifies Matter ſo fi- 
gured, will be the ſame; as long as the Matter remains the ſame ; 
but if no part of the Matter be the ſame , then it is Numerically 
another $ hip; and if part of the Matter remain, and part be chan- 
Red, then the Ship wull be partly the ſame, and partly not the 

ame. 
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Of Quantity. 


1 The Definition of Duantity. 2 The Expoſition of Quantit y what it #, 
3 How Line, Super ficies and Solid are expoſed. 4 How Time ts expoſed, 
5s How Number s expeſed, 6 How Velocuy « expeſed, 7 How Weight 
is expoſed 8 ITow the Proportion of Magnituaes is expoſed, 9 How the 
Proportion of Times aud Velscities ts expoſed. 


© B Hat, and how manifold D:me-ſfioz is , has been ſaid 
0 NC ..in the 8th. Chapter, namely , that there are three 
E\VANZ9D Dimenſions,Line(or Length)Supcrficies and Solid, 
— + {8 
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A Every one of which, if irbe determined, that is, if 
"che limits of it be made known is commonly cal. 
Iced Quantity, For by Quaztity all men underſtand that which is 
{ignificd by that word , by which anſwer is made to the queſtion 
How much # 'it, Whenſoever therefore it is asked (for example) 
How long is the Journey , it is not anſwered REY Lezgth; nor 
when it is asked, How big ts the Field is it anſwered indefinitely Su- 
erfictes ; nor if a man ask How great # the bulk 5 indefinitel Solid, 
he itis anſwered determinately,The Journey is a hundred Miles; 
the Field is a hundred Acres;the Bulk is a hundred Cubical Feet; 
. or atleaſt in ſome ſuch manner , that the Magnitude of the thing 
enquired after may by certain Limits 'be comprehended in the 
Mind. QUANTITY therefore cannot otherwiſe be defined, then 
to be a Dime-.ſt0z determined or a Dime ſion, whoſe Limits are ſet out 61- 
ther Ly the Place, or byſome Compariſon. 

2 And 2«atityis determined two wayes ; One, by the Senſe, 
when ſome tenſible Obje& is ſet before itz as whena Line, a 
Superficies or Solid, of a Foot or Cubit, marked out in ſome Mat- 
ter, is obje&ted to the Eyes , which way of Determining is called 
Expoſition, and the Quantity ſo known is called Expoſed Quantity 
The Other, by Memory, that is, by Compariſon with ſome Ex- 
poſed Quantity. In the firſt manner, when it is asked of what 

uantity a thing 15, it is anſwered , of ſuch Quantity as you ſee 
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Expoſed. In the ſeedhgd manner , an{wey cannot be made but by: 
Compariſon with ſomeYypoſed Quyantieyy for ifit be asked,How 

is the Way, the anſwer is , ſo many thouſand Paces; that is. 
by Comparing the Vay with a Pace ,. or ſome other Meaſure de- 
termined and known by Expoſition or the Quantity of it is t 
ſome other Quantity known by Expoſition, as tke Diameter of a 
Square is tothe Side of rhe ſameor by ſome other the like means. 
But it is to be underſtood that the Quantizy Expoſed muſt be ſame 
ſtanding or permanent thing , ſuch as is marked our in conſiſtent 
or durable matter ; or at leaſt ſomething which is revocable to 
ſenſe; for otherwiſc no Compariſon can be made by ir. Secing 
therefore (by what has been ſaid in the next preceding Chapter): 
Compariſon of one Magnitude with another, is the ſame thing 
with Proportion; it is manifeſt , that Quantity determined in the 
ſecond manfler, is nothing elſe but the Proportion of a Dimenſion 
not Expoſed to another which is Expoſed; that is, the Compari- 
ſon of the Equality or Inequality thereof with an Expoſed Quan- 
tuty. 

: Lines, Superficies and Sulijds are Expoſed, Firſt, by Motion ,_ ine 
fuch manner, as (inthe 8th a 7 I have ſaid they are genera- 
ted; bur ſo, as that the Marks of ſuch MotiO®n be permanent ;; as. 
wien they arc —_— upon ſome Matter, as a Line upon Paper;. 
or graveitin ſome durable Matter. Secondly, by Appeſ#:10n, as wherr 
one Line or Length is applyed to another Line or Length, one 
Breadth to another Breadth, and one Thickneſs to another Thick- 
neſs; which is as much as to deſcribe a Line by Points, a Superfh- 
cies by Lines, and a Solid by Snperficies , ſavinz raar by Points in: 
this place are to be underſtood very thore Lines , and by m—_— 
cies very Thin Solids, Thirdly, Lines and Superficies may: be Ex 
poſed by Se#422 ; namely a Line may be made by Cutting an Ex-- 
_ Superſicies, and a Superficies by:the Cutting ofan Expoſed! 
Sold. 

4 Time is Expoſed met onely bythe Expoſition: of a Line, bur 
alſo of ſome Moveable thing , which is moved Uniformly,upon- 
that Line, or at lea(t is ſuppoſed {oro be Moved, For rain The 
is an Idea of Motion in which we conſider Formerand:Laterythar 
is, Succeſſion, it is not ſufficient for the Expoſition of Time that a: 
Line be deſcribed, but we mult alſo have inour Minde an: Imagi-- 
Nation: 
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nation of ſome Moveable thing paſſing over that Line,and the Mo- 
tion of ir muſt be Uniform, that Time gpay be divided and com- 


pounded as often as there ſhall be need. Andtherefore when Phi- 
loſophers in their Demonſtrations draw a Line, and ſay , Let that 


Line be Time, it is to be underſtood as it they ſaid, Let the Conception * 


of tiniform Motion up3 that Line, be Time, For though the Circles in 
Dials be Lines , yet they arc not of themſelves tufficient to note 
Time by, except alſo there be,or be ſuppoſed to be a Motion of the 
Shadow or the Hand. | 

5 Numter is Expoled cither by the Expoſition of Points, or of 
the Names of Number 0..e, Two, Three, &c.and thoſe Points muſt 
not be contiguous , ſo as that they cannor be diſtinguithed by 
Notes, but they mult be fo placed that they may be 4:ſcerned one 
from anorher ; for from this it is that Number is called Diſcrete 
2aztity, whereas all Quantity which is deſigned by "Motion , is 
called Continual Buartity, Bur that Number may be Expoſed þy 
tie Names of Number, it is neceſlary that they be recited by 
heart and in order, as One, Two, Three , 8&c. for by ſaying One, 
One, One and lo forward , we know not what Number we are 
art beyond Two or Three , which alſo appear to Us in this man- 
ner not as Numoer, bfit as Figure. | 

6 For the Expoſition of Velecity (which by the Definition 
therof is a Motion which ina certain Time paſſeth over a cer- 
tain Space) it is requiſite not onely that Time be Expoſed , hut 
that there be alſo Expoſed that Space which 1s tranſmitted 
by the Body whoſe Velocity we would determine , and that 
a Body be underſtood to be Moved in that Space alſo, ſo that 
there muſt be Expoſed two Lines , upon One of which Uniform 
Motion muſt be underſtood to be made, that the Time may be 
determined, and upon the other the Velocity is - 
to be computed. As if we would Expoſe the 4: B 
Velocity of the Boy A, we draw two lincs AB 


= D 


and CD, and placea Body in C alſo, which —_ 
done , we ſay, the Velocity of the Body A is ſogreat, that it 
paſſeth over the Line A Bin the ſame Time, in which the Body 
C paſlcthover the Line C D with Uniform Motion. 

7 Werght is. Expoſed by any Heavy Body, of what Matter ſoever, 
ſ{o1: be alwaycs alike Heavy, 
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! (bythe laſt foregoing Article) is Expoſed ; and if » 
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8 The Proportion of two-Magnimdes is thencExpaoſcd ahan 
the Magnirndes themfelves. are Eupaſeds as pac » 
rion of Bquality , when thu Magnitudes are>f | of is 
Gpeizabatit. 


lity., . when they, axe Unequal, ' Fer' 
tidleof + 44 precedent Chaprer)vhe Proporgant! of Two LMinoqui 
Magnitudes conſiſts in their Difference compared with either of 
them; and when two Unequal Magnitudes are Expoſed, their 
Difference is alſo Expoſed; it follows, that when Magnitudes 
which have Proportion to one another are Expoſed, their Propor- 
tion alſo is Expoſed with them; and in like manner, the Propor- 
tion of Equals(which conſiſts in this, that there is no Difference 
of Magnitude betwixt them) is Expoſed at the ſame time when 
the Equal Magnitudes themſelves are Expoſed. For Example, 
if the Expoſed Lines A Band C D be Equal, the 
Proportion of Equality is Etpoſed in them; and 
ifthe Expoſed Lines E F & E G beUnequal;the 
Proportion which E F has to E G,and that which 
E G has to E Farcalſo Expoſed in them ; for not 
onely the Lines themſelves , but alſo their Difference G F is Ex- 
ofed. The Proportion of Unequals is Quantity ; for the 
Difference G F, in which it conſiſts, is Quantity, But the Propor- 
tion of Equality is not Quantity , becauſe between Equals there is 
no Difterence; nor is one Equality greater then another, as one In- 
equality 15 greater then another Inequality. | 
9 The Proportion of two Times, or of two Hniform Velocitiess 
is then Expoſed , when. two lines are expoſed , by which 
two Bodies are underſtood to be Moved Uniformly ; and 
therefore the ſame two Lines ſerve to exhibit both their 
own Proportion , and that of' the Times and Velocitics , ac- 
cording as-they are conſidered to be Expoſed for the Magnitudes 
tebltes or for the Times or Velocities. For let the two Lines 
A and Bbe Expoſed ; their Proportion therefore + 


B 
IT 


G 
F 


they be conſidered as drawn with equal and U- 
niform Velocity, then ſeeing their Times are greater, or equal, of 


EI . : . 
 leſfe,according as the ſame Spaces are tranſmitted in greaterzor c- 


—>qual;or lefle Time; the Lines A and B will exhibit the Equality or 


Inequality,that is, the Proportion of the Times, To conclude; If the 
P {ame 
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fame Lines A and Bbe confidercd as drawn in the ſame Time, 


- then feeing their Velociries are greater, or equa), or lefſe , accord- 


ing as theypaſs over in the ſame time longer, or equal, or ſhorter 
7 ors En Lines A;and B will exhibit the Equality or Inequa- 


liry, that is, the Proportion of their V elocities. 
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Of Analogiſmeor the Same 
Proportion. 


1,2» 3, 4 The Nature and Definition of Proportion Arichmetical and 
Geometrical. 5 The Definition and Lg = 1a the Same Arithme- 
tical Proportion, 6, 7. The Definition and Tranſpsutations of Analogiſme, 
or T he S ame Geometrical Propertion. 8,9. The Definitions of H, iſme 
and Hypologiſme, that is, of Oreater and Leſſe Proportion, and their Tranſ- 
mutations, 10, 11,12. Compariſon of eAnalegical quantities according 
to Magnitude. 13,14,15. Compoſition of Proportions. 16,17,18, 19, 
20, 21, 22,23, 24325. The Definition and Properties of Continual Pro- 
portion, 26, 27, 28, 29, (compariſon of Arithmetica] and Geometri= 


cal Froportions, 


Note that in this Chapter , the Jgne +, ſignifies that the quantities be- 
rwixe which it is pat, are adged together;and this fi Sued 1 nder, 
after the later quantity is taken ont of the former. Sothat Aj-B «s equal 

ro both A and B akin and where you ſee A—Byhere A i the Whole, 

B the part taken ont of it, and A—B the Remainder, «Alſo two letters 


ſet rogether without any ſign, ſignifies (unleſſe they belong to a Figure) 
that one of the quantities 1s multiplyed by the other ; _—_ ſignifies the” 
Produtft of A mwltiplyed by B, 


PLD Reat & Little are not intelligible but by Compariſon. 
Now that to which they are compared is ſome- 
thing Expoſed, that is, ſome Magnitude either 
perceived by Senſe, or ſo defined by Words, 
that it may be comprehended by the Mind. Alſo 


that to which any Magnitude is wy, » is cither Greater , or 
Lefs, or Equal to it. And therefore Proportion ( which asI have 
ſhewn, is the Eſtimation, or Comprehenſion of Magnitudes by 
Comparilon) is threefold; namely Proportion of Equalzty , that is, 
of Equal to Equal; or of Exceſſe, which is of the Greater to the 
Leſſe ; or of Defe# , which 1s the Proportion of the Leſle to 
the Greater. 


P 2 Again, 
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_ Again, every one of theſe Proportions is twofold , For if it be 
asked coneernins any Magnirude given , how Great it is, the an- 
{wer may be made by Corhparitg it two ways ; Firſt, by ſaying 
it is greater or leſſe then anorher Magnitude by ſo much; as Seven 
is leffe then Teriby three Unities ; and this is called Arithmeticat 
Proportion, Secondly , by faying it 4s greater or lcſſe then 
another Magnitude by ſuch a part or parts thereof; as Seven is leſs 
then Ten by three tenth parts of che ſame Ten. And though this 
Proportion be not alwayes > by Number , yet it is a 
determinate Proportion, and of a different kind from the former, 
and called Geometrical Proportion , and moſt commonly Proportion 
imply, 
- —aArS whether itbe Arichmetical or Geometrical;cannot 
be Expoſed but in two Magnitudes(of which the former is comonly 
. called rhe Antecedent, & the later the Conſequent of the Proportion) 
as I have ſhewn in the 8th. Article of the precedent Chapter. And 
therefore if two Proportions be to be compared, there muſt be 
four Magnitudes Expoſed , namely two Antecedents and two 
Conſcquents; tor though it m__—_ ſometimes , that the Conſe- 
quent of rhe former Proportion be the ſame with the Antecedent 
of the later, yet in that double Compariſon it nult of neceſſity be 
twice numbred, ſo that there will be alwayes four Terms, | 
3 Of two Proportions , whether they be Arichmetica! or 
Geometrical; when the Magnitudes compared in both (which E«- 
cl:de in the fifch Definition of his fixth Book calls the Pnamrtries of 
Proporti045) are equal, then one of the Proportions cannot be ei- 
ther greater or lefſe then rhe other ; For one Equality is neither + 
greater nof lefle then another Equality. But of two Proportions 
of Inequality, whether they be Propottions of Excefſe or of De- 
fe&, one of them may be cither greater or leſſe thenthe other or 
they may both be equal; for though there be propounded two 
Magnitades thatare unequalro one another , yet there may be 0- 
ther two'more'unequal,and other two equally unequall, and other 
two lefs unequal theh the two which were.propounded. And from 
hence it may be underſtood that the Propoftions of Exceſs and 
Defet ate Quantitydeing capable of More & Leſs, bur the Pro- 


portion of —_— is not Quantity , becaule not capable, neither 
vf More nor 0 


Lefi, And thercfore Proportions of Inequality _ 
e 
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be added together op ſubſtracted from one anorhey;-or be nyhi* 
ed or divided by one another, or by Number; bur Proportions 

Equalicy not ſo. " ou | 

4 Two Equal Proportions are commonly called The Same Propor- 
t5ons and it is ſaid, that the Proportion of the firſt Antecedent to- 
the firſt Conſequent is the ſe with that of the ſecond Antece- 
dent to the ſecond Conſequent. And when four Magnitudes'are 
thus to one another in Geometrical Proportion, they are called 
Propertionals , and by ſome more briefly Analogiſme, And Greater 
Proportion , 18 the Proportion of a Greater Antecedent to the 
ſame Conſequent , or of the fame Antecgthage ro a Leſs Conſe- 

uent;and when the Proportion of the firſt cedent to the firſt 
onſequent, is greater then that of the ſecond-Antecedent ro the 
fecond Conſequent , the fofir Magnitudes which are fo to one ano- 
ther may be called Hyperlogrſme. | 
Leſi Proportion” is the Proportion of, a Leſs Antecedent to the 
ſame Conſequent, or of the ſame Antecedent to a Greater Confe- 
ent; and when the Proportion of the firſt Antecedent to the 
r{ Conſequent, is leſs then that of the ſecond to the ſecond, the 
four Magnirudes may be called Hypdlogiſme. 

5 One Arithmetical Proportion is the Same with another A- * 
rithmetical Proportion, when one of the Antecedents exceeds its 
Conſcquent,or 15 exceeded by it,as much as the other Antecedent 
excceds its Conſequent , or 15 exceeded by ir. And therefore in 
tour Magnitudes Arithmetically Proportional, the ſunrof the Ex- 
tremes 15 equal to the ſum of the Means. Fopif A.B:: C.D be 
Arithmetically Proportional, and the Difference on both ſides be 
the ſame Exceſs or theſame Defe& E ; then BC (if Abe great- 
er then B) will be equal to A—E+C; and A-+D will be equalto 
A+C—E; But A—E+C and A+C—E are equal. Or if A be 
leſs then B, then B+C will be equal ro A+E+C; and A+D: 
__ equal to A-+C-+E; Bur A+E-+C, and A+C-+E are c- 

ual. 

Allo if there be never ſo many Magnitudes Arithmeycally Pro- 
portional, the Sum of them all will be equal to the Produ of half "_ 
the number of the Terms multiplyed by the Sumof the Extremes. 
Forif A.B::C. D::E.F be Arithmetically Proportional , the. 
Couples A+F, B+E, C+D will be equal to one another; _ 
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their Sum will -be<qual toA-+F multiplyed by the number of 
their IO is, by half the number of the Terms, 

If of four Unequal Magnitudes,any two together taken be equal 
to theorher two together taken, then the greateſt and the leaſt of 
them will be in the ſame Comoination. Let the Unequal Magni- 
tudes be A,B,C,D;and let A+B be equal ro C+Dz8& let A bethe 
ercateſt of them all ; I ſay B will be the leaſt. For it it may be, ler 
a1ycf the reſt, as D, be the leaſt. Secing therefore A is greater 
then C, and B then D, A+B will be greater then C+D ; which is 
contrary to what was ſuppoſed. 

If therebe an dope Magnicudes , the Sum of the greateſt and 
leaſt, the Sum 0 cans, the difference of the two greateſt, 
and the difference of the two leaſt will be Arichmetically Propor- 
rional.For let there be four Magnirudes, whereof A is the greateſt, 
D the leaſt, and Band C the Means; I ſay A+D. BC :: AB, 
C—D are Arichmetically Proportional. For the difference be- 
eween the firſt Antecedent ay fo Conſcquent is this, A+D—B 
—C ; and the difference between the ſecond Antecedent and its 
Conſequent this, A=-B—C-+D; bur theſe two Differences are c- 

val, and therefore (by this 5th. Article) A+D. B+C:: A-P, 
C—D are Arithmetically Proportional. . 

It of four Magnitudes, two be equal to the other two,they will 
be in reciprocal Arithmetical Proportion. For let A+B be equal 
ro C-+D,; I fay A. C:: D.Bare Arithmetically Proportional. For 
if they be not, let A.C : : DE (luppoſing E to be ons or leſs 
then B) be Arirhryerically Proporticnal, and then AFE will be e- 
qual ro C+D; wherefore A-+B and C+D are not Equal; which 
is contrary to what was ſuppoſed. . 

6 One Geometrical Proportion is the ſanie with another Geo- 
metrical Proportion, when the ſame Caule producing equal Ef. 
fes in equal Times, determines both the Proportions. 

If a Point Uniformly moved,dJeſcribe two Lines cither with the 
ſame, or different Velocity , all the parts of them which are con- 
temporary, that is, which are deſcribed in the ſame time, will be 
Two to Two in Geometrical Proportion,whether the Antecedents 
be taken in the ſame Line, or not. For, from the point A (in the 
10 Figure atthe end of the 14 Chapter) let the two Lines A D, 
AG, be deſcribed with Uniform Motion ; and let there be taken 

in 
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in them two parts A B, A E,and again rwo other parts Cy. AF, 
in ſuch manner, that A B,A Eybe cont ary,and likewiſe A 
AF centemporary. I ay firſt (taking the Antecedents A B, A 
in the Line A D, and the Conſequents AE, AF inthe LineA G) 
that AB.AC::AEgAF are Proportionals, For ſeeing {(by the 
8th, Chapter and the 15 Article ) Velocity is Motren-confidered 
as determined by a certain Length or Linezin a certainTime tran(- 
mitted by it, the quantity of the Line A B will be dete#mined by 
theVelocity and Tune by which the ſame A B is deſcribedzand fos 
the ſame reaſon, the quantity of the Line A C will be derermiacd 
by the Velocity and Time, by which the ſame A C is deſcribed, 
and therefore the proportion of A Bro AC, whether it be Pxo- 

rtion of Equality; or of Exceſs er DefeR, is determined by the 

elocities and Times by which A B, A C are deſcribed ; Bur ſcc- 
ing the Motion of the Point A upon AB and A C is Uniform, 
they ate both deſribed with'equal Velocity z and therefosxe whe- 
ther one of them have to the other the Proportion of Majoxziry or 
of Minority, the ſole cauſe of that Proportion is the diffexcnce of 
cr —_—_—_ by the ſame reaſon it is evident;that the proportion 
of AE to A F is determined by the difference of theirTimes onely, 
Seeing therefore A B, A Ez»#asalſlo AC, AF are conremnpenanyys 
the difference of the Times in which A Band A C aregelcribed, 
is the ſame with that in which A E and A F are deſcribed. VWher- 
fore the proportion of A.B to A C, and the proportion of A FE to 
AF are both determined by the ſame Caulſe.Bur the Cauſe which 
ſo determines the proportion of borh , works equally in equal 
Times, for it is Daiftrn Motion; and therefore (by the laſt prece- 
dent Definition)the proportion of A Bro AC is the ſame with that 
of A E to.A F; and conſequently AB. AC :: AF. A Fare Propor- 
tionals;which is the firſt. 

Secondly (taking the Antecedents in different Lines, ) I ſay, 
 ABAE::AC. AF are Proporztionals ;. For ſecing AB, AE. 
 aredeſcribed in the ſame Time, the difference of the Vclocities: 
in which they are deſcribed are the ſole Cauſe of the proportidn 
they have to one another. And the ſame may be ſaid of the pro- 
portion of A Cte A F, Bur ſecing both the Lines ADand AG 
are paſſed over by Uniform Mor ion, the difference of the Veloci- 
ves in which A B, AE are deſcribed, will-be the ſame with the: 


diffc- 
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difference of the Velociries, in which A C, AF arc deſcribed, - 
Wherefoze the Cauſe whith derermines the proportion of A B 
to AE, is the ſame with that which derermines the rtion of 
AC ro AF; and therefore AB. AE:: AC. AF; are Proportio- 
nals; which remained to be proved. - | 

1 Corollary, If four Magnitudes be in Geometrical Proportion, 
they will alfo be Proportionals by Permutatzor, (that is , by tran(- 
colon the Middle Terms.) For I have thewn, that not onely A B. 
AC::AE. AF, but alforhat ( by Permutatzon) ABAE::AC, 
AF are Proportionals. 

2 Coroll, If there be four Proportionals , they will alfo be Pro- 
portionals by »terſio2 or Caefes , thats, by turning the Ante- 
cedents tnro Conſequents. For if in the laſt Analogrſme , I had for 
A B, A C, pnt by Inverſion A C, A B, and in like manner convert- 
£dAE,A k into AF, AE, yet the fame Demonſtration had ſer- 
ved. For as well A:C, AB, as AB, AC areof equal Velocity; and 
ACAF, as well as AF, A Care Contemporary. 

3 Cord, Tf Proportionals be added to Proporttonals , or taken 
from them, the Aggregates, or Remainders will be Progortionak, 
For Contemporaries whether they be added ro Contemporaries, 
or taken from them ; make the Aggrebates or Remainders Con- 
eemporary , though the Addition or SubſtraRion be of all rhe 
Terms,or of the Antecedents alone, or of the Conſequents alone, 

4 Coroll, Tf both the Antecedents 6f fonr Praporttonals, or both 
the COOIOOS all the Terms;be inkeirdrator divided by the 
ſame Number or Quantity;the Produds or Quotients will be Pre- 
porrionals. For the Mulriplication and Divifion of Proportionals, 
15 the ſame with the Addition and Subftraftion of them. 

5 Coroll. Tt there be four Proportionals;they will alſo be Propor- 
tionals by Compoſitzoz (that 1s , by componnding an Antecedent of 
the Antecedent and Conſequent put together , and by taking for 
Conlequent either the Conſequent fingly,or the Acoredench 
ly). For this Compoſition is nothing but Addition of Proportio- - 
nals, namely, of Confequents ro their own Antecedents , which 
by Suppoſitton are Proportionals. 

6 Coro?. In like manner , if the Antecedent fingly, or:Conſe- 
quent ſingly be pur for Antecedent; and the Confequent be made 

ot both pur together ; theſe alſo will be Proportionals. For it is 
the 1aver,icz of Porportion by Compoſitzon, 7 Co- 
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7 Coroll f there robpuptton rokomer- re Seb be Propor- 
tionals by Dfusfron(that is, ing the ain j the'Con! 
ſequent1s ſub ed from —_ | ence be- 
rween the Antecedent and Conſequenrfor Antectdent;and'cither 
the Whole or the Remainder for Conſequent ; ) ASif A.B::\C.D 
be Proportionals, they will by Diviſion be A-B.B: : C-D:.D, 
and A—B.A:: C—D. C; and when. the Conſequent is greater 
then the Antecedent, B-A.A : : D-C,C; and B-A B: +D—C. 
D. For in.all theſe Diviſions,Proportionals are (by the very fuppo- 
ſition of the Analogiſme A. B:: C.D) taken from AandB, and 
from C and D. 
, $ Coyoll, Tf there be four Proportionals , they 'will alſo be Pro- 
portionals by the C oterfion of Proportzon, (thar is, by Imverting the 
Divided Proportion,or by taking rhe VV hole for Antecedent,&the 
Difference or Remainder for Conſequenr.) As, if A. B: :C.D be 
Proportionals, then A. A--B:: C, C—D, as alſo B. A—-B::D. 
C—D will be Proportionals. For ſecing theſe Inverted be Propor- 
tionals, they are alſo themſelves Proportionals, 
9 Coroll, If there be two Analogiſmes which have their quan- 
titics equal, the ſecond to the ſecond, and the fourth to the fourth, 
then either che Sum or Difference of the firſt quantities will be to 
the ſecond, as the Sum or Difference of the third quantities is to 
the fourth.Let A.B: : C.D and E. B:: F.D be Analogiſmes;1 fa 
C+E.B: : F.D are Proportionals, For the ſaid Analogiſmes wi 
by Permutation be A.C :: B.D,and E,F : : B;D;and therefore A.C 
: : E,F will be Proportionals (tor rhey have both the proportion of 
B to D common.) Wherefore if in the Permutation of the firſt 
Analogiſme, there be added E and F to'A and C,, which E and F 
are proportional ro A and C , then/(by the 3d Coroll,” A+E.B: : 
C4F.D willbe Proportionals, which was to be proved, _ 
Alſo in the ſame manner it may be ſhewn, that A—E.B :+C 4- 
EF.D are Proportionals. x | 
7 It there be two Analogiſmes, where foure Antecedents make 
an Analogiſme,their Confequents alſo ſhall make an Analogiſme; 
as alſo the Sums of 'their Aritecedents will be proporrionallto the 
Sums of their Conſequents.For if 'A.B:+C.D andE.F :: G.H be 
two Analogiſmes; and A.E :: C.G be Proportionals, then by 
Permutation A.C : : E.G, and E.G : : FH, and A!C':: BD will be 
Proportionals ;V herefore B.D : _ that is, B.D : : F,.Hy and by 
Per- 
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Pexmuration'B; F 61DffareD jonals, which is the firſt. Se- 
condly,1 {ay A+EB-+ÞF :: C+4.D+H will-be Proportionalls. 
F T | Wi 


or-ſeeing AdÞ.:;; C.Gy | AFEE :: C4-G, G will 
alſoby Compoſition be Proportionals,and b ANTS 
C+G :1 E.G will be Proportionals; Wherefore alſo A+E.C4+G 
: 2 B-H will be Proportionals.Again,ſceing(as 15 ſhewn above)P,F : : 


D.H are Proportionals, B{-F. F.: : D4H, H will alſo by Cempo- 
fitonbe Proportionals; and by Permutation BF. D4+H::F.H 
will: alſo be Proportionals z Wherefore AE. C+6G :: B4F. 
D-+H are Proportionals; which remained to be proved. 

Coroll, By the ſame reaſon, it there be never ſs many Analo- 
gilmes, and the Antecedenes be proportional to the Antecedents, 
ic may beggemonſtrated allo thar the Conſequents will be poapas- 
tional to the Conſequents , as allpzhe Sum of the Antecedents to 
the Sum of the Con(equents. 

8 In an Hyperlogiſme, that is,wherethe Proportion of the firit 
Aatccedent toits Contequentzis greater then the proportion of rhe 
ſecond Antecedentto.its Cunlequent,the Permutation of the Pro- 
portionals, and the Addition.of Proportianals to Propartionals,8 
Subſtracion of them from one -anopher ; as alſa rheir Compoſition 
& Diviſion, &.their Multiplication & Diviſion by the ſame Num- 
ber, produce always an Hyperlogitme. Forluppolc A.B : : C.D & 
A.C : : EF be Analogilmes, A4EB :.:C+F.D will bealſoan A- 
nalogiſme; Bus A+EB:: C.D will bean Hyperlogitme;VVhere- 
fore by Permuration, A+E. C::B. D.is an. Hyperlogilme, be- 
cauſe A,B: C.Dis an Analoziſme. Secondly, it to rhe: Hyperlo- 
piftme A-+E. B: : C.D the Proporcionals Gand H be added, A 
E+G. B::, C+H. D willbe an Hyperlogiſme, by rcafon A+E | 
4-G. B:: C+F-H.D is an Analogiſme. Alſo it G and H be 1a- 
ken away, A+E;.G. B;:C—H.D will ke an Hyperlogifime ; for 
A+SE<G.B EF D are. an, Analogifme. Thirdly , by 
Compoſition A+E+B. B :: C+D. D will bean Hyperlogifmc, 


becauſe A+E+B.B : :C+F+D.D is an Aralogiſme,& ſoit will 
bein allthe varieties of Compoſition, Fourthly, by Diviſion A+ 
E—BB-: :C—D.D will bean Hyperlogiſmc;by reaſon A+E —B. 
B:: C+F—D. D :is\an Analogulme, Alſb > 22 
C—D.C is an. Hyperlogifme; for AE—B. A+E : : C+F— 
D. Csan anar e7h Fifthly, dy Multiplication 4 A+EB: :4 
C.Dis an Hyper 


ogilme , becaufe 4 A,B ::4C. D is an Anale- 
cilme ; 
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evlogudct FInverfi> 
ifme,becante BuAt+D. C 
will de roogrear. Alſo 
verſian of Proportion AE, A4B—+B's:C;Ca4D wan 
Hypologiſrac, becavfe che Inverlion of it, namely AoþB&B, At: 
E-::>:C—D. C is an Hyperlogifime.(as I have ſhewn but-how): $6 
alſo B.A B::D.C—D is an Hypologilme, becauſe (as 1 
have newly tn Inverſion = _ ob —B.B . C-- 
D.Þ ran rlopifſme. Note that this: mc-A-+E, A+ 
EB: ODE commonly thus expreſfed If rhe propot 
on of the VVhole (A4E) ro that which4s raþert- ont( 6f/1+(B)/be 
grcatcr then the proportion-of the Whole (C) ro that which is 
rakenour of it (D,)then che proportion of thewhole(A-+B ro the 
Remainder(A-+E _ BYwil be le then che propertion'of the whole 
(©) tothe Remainder (C<D.): OT VT 1, 33G AGNT TIT ION EW 
10 If there be four Proporcienals., the Differetice of 'the two 
firſt, to the Difference of the rwo!laft will be as rhe :$rft Antece 
dent is to the ſecond Antecedent, or as the firſt Canfequent torhe 
ſecond Conſequenr. For if A.B ::C, D be Proportionals, then by 
Divifion A—B. B : : C-D. D wilt be Preporctonels ; (and by Per- 
mutation A—B,C—-D::-B. D ; that is, the Differences are pro- 
portioual ro the Conlequents,and therefore they are ſo. alſo tothe 
Antecedents. | | 
11. Of four Proportionals ,-if the firſt be greater then the ſc- 
cond, the third alſo ſhall be greater then the fourrh. For ſeeing 
the farſt is greater then cd. frond, the proportion of the firſt ro 
the ſecond is the proportion'sf Exceſs; Bur the riion of the 
third go the fourth is the ſame with char of the firſt ro- the fetcond; 
and therefore alſo the proportion of the third ro the fourth is the 
Proportion of Excefs z; Wherefore the third is greater then the 
fourth. In the ſame manner it may be proved , that whenfoever 
the firſt is leſs then the fecond', 'the third alſo is 166 Then the 
fourth; and when thoſe are equal, that theſe alſo arc equa}.- 
12 If there be four Proportionals-wharſvever AB*: C.D,and 
the firſt and third be a by any-oge number, as by z; and 
againthe fecond and fourth be multiplyedby any one number, » 
| Q 2 y 
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z and the produ& of rhe firſt. 2 A, be greater then the produ&t 
v7 x: ſecond t'B; che produd aifoof the chird 2 C,will be great« 
cr then'the produdt of the fourth z D.Bur if the produ of the firſt 
be leſs then the produd of the ſecond , then the produ@ of the 
third will be lets then that of the fourth. And-laſtly , if the pro- 
duds of the firſt and ſecond be equal;the produQts of the third and 
fourth ſhall alſo be equal. Now this Theorems is all onewith 
Euclides Definition of The Same Proportion; and it may be demon- - 
ſtrated thus. Sceing A. B : : C.D are Proportionals, by Permu- 
tation alſo (Art.6, Corol.1.) A.C ::B.D will be Proportionals , 
Wheretore (by the 4 Corol. of the ſame 6 Article) 2 A. 2 CZ: 3 
B.z D will be Proportionals; and again by Permutarion 2 A.3 B: : 
2 C.z D:will be Proportionals; and: therefore (by the laſt Article) 
If 2 Abegreater then 3 B, then 2 C will be greater then 3D, if 
leſs, leſs; and if equal, equal; which was to be demonſtrated. 

13 If any three Magnitudes, be-propounded, or three things 
whatſoever that have any proportion one to another,as three Nil 
bers, three Times, three Degrees, &c ; the proportions of the firſt 
to the ſecond, and of the ſecond to rhe third together taken ; arce- 
qual to the proportion of the firſt ro the third. Let there be three 
Lines (for any proportion may be reduced to the proportion of 
Lines) AB, AC,A D;And in the firſt place, let the proportion as | 
well of the firſt AB tothefecond A C, asot the ſecond AC to 

the thixd A D be the proportion of Dete&, 
NED SW... 2 orof Leſsto Greater I {ay the proportions 
together taken of ABto A C,and of AC to 
A Dare equal.to the proportion of AB to A D. Suppole the Point 
Ato be moved over the whole Line AD with Uniform Motion 
then.the proportions as well of A Bro AC,asof ACto AD are 
determined. by the difference of the Times in which they are de- 
ſcribed; that is, AB has to A C ſuch proportion as isdetermined 
by the diffexent Times of their deſcription; and A'C to AD ſuch 
proportion as is determined by their Times. But the proporrion of 
A R:to A D.is ſuch as'is determined by the difference of rhe-Times 
in which ABand A Dare deſcribed ;, and the difference of the 
Times in which A Band AC are deſcribedgtogether, with the dit- 
ference of the Times in which A C and AD are deſcribed, is the 


ſame with the difference of the Times in which A Band ADs 
C- 
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deſcribed. And therefoze the ſame which determines the 
two proportions.of AB to A C and of A CtoiA Dy derermines al- 
ſo the proportion of'A B to A D., Wherefore (by the Definition of 
the Same Proportion delivered above in the 6 Art.)the proportion. 
of ABto A Cake with the P—_—_ of ACtoAD,is the 
ſame with the proportion of A Bro AD. 2) SOR 

In the ſecond place, let A. D be the firſt, A C the fecond,8& 'AB 
the third, and let their propertien be the Porportion of Exceſs, or 
of Greater to Leſs; thenzas betore, the proportions of AD toAC, 
and of AC to AB,and of AD to ABwill be determined by the 
difference of their Times; which in the deſcription of A D and 
AC, and of AC and AB. together taken ,.is. the ſame with the 
difference of theTimes inthe deſcription of AD and A B,VVherc- 
fore the proportion of AD to AB is equal to the two proportions 
of ADtoAC andof ACto AB. | 

In the laſt place. If one of the proportions , namely.of AD to 
A B be the Proportion of Exceſs; and another of them, as of A. B 
.to A C be the Proportion of Dete& ,. thus alſo the proportion of 
AD:toACwill be cqual to the two proportions together taken. 
of AD to A B,and of A B to A C.For the difference of the Tumes- 
in which A D and A B are deſcribed is Exceſs of Time; for there 
| Foes more time tothe deſcription of A D then of A B; and the 

ference of the Times in which A.B and A.C are-delcribed-is: 
Defedt of Time, for leſs Time goes to the deſcription of A Brhen 
of A C; but this Exccſs, and Defe@ being ad. cd. rogerher make 
D B— B C,which is equal to D C,by.which the firſt A D exceeds 
the third A C; and therefore the proportions of the firſt A D to 
the ſecond A B, and of the ſecand A Bro the third A Care deter-- 
mined by the ſame Cauſe which determines the Proportion af 
the firſt AD tothe third A C, Wherefore), If any.chrce Magni- 
tudes,8c, | 

1 Coyoll, If there be never ſo many Magnitudes having propor-- 
tion to one another, the propartion of the firſt ro the laſt is com- 
pounded of. rhe proportions of the firſt tothe {econd,of the ſecond 
ta.the third, 8 ſo on till you come tothe laſt; or, the proportion of 
the firſt to the laſt, is the ſame with the Sum of all the intermed1- 
ate proportions. For any Number of Magnitudes having proporti-- | 
en.to one another,as A,BC,D,Ebeing propounded,the noon 

of. 
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of A to E (avis newly fhewn?) is componnded of the Proportions of 
Ato D#hd of Dr6E; andagain the tion of Aro D;of the 
tions of A to C, and of Cro D; and laftly,cthe propottion'of 

A to C, of the proportions of A co'B, andof Bro C. | 
2 Coroff, From hence it —_ underſtood how any two pro- 
portions may be compounded. For it rhe proportions of A rg B, 
and of C to Dbe proponnded to be added rogether,ler B have to 
ſomethinyelſe;as ro E, the fame proportion which C has toD, 
and-ler chem be fer in this order A,ByE; for ſo the proportion of 
AtoE will evidently be the Sum of che two Proportions of A to 
B, and of Bro E, tharis, of C ro D. Or leritbeas D oC, fo A 
to ſomething elſe, as ro E, and lerrhem be ordered thus E,A,B;for 
che proportion of E ro B will be compounded of the proportions 
of E to A(rhar is,of C ro D), and of A to B. Aloit may be un- 
derſtood how one Proportion may be taken out of another. For if 
the proportion of C to D be ro be ſubſtrafted out of the proporti- 
on of A to B, let ir be as Cro D,fo Aro fomething clfe, as E, and 
fetring them in rhis order, A,E,B,and raking away the proportion 
- A tro E, that is, of C to D, there will remain the proportion of 

to B. | 

3 Corol,, If there be two Orders of Magnirudes which have 
roportion ro one another beginning and ending with the ſame - 
Marmirndes, and the ſeveral proportions of the firſt Order be the 
ſame and equal in number with the proportions of the ſecond Or- 
der; then, whether rhe proportions in both Orders be ſucceſſive- 
ly anſwerable ro one another , which is called Ordinate Proportion, 
or not ſucceſſively anſwerable,which is called Pertwrbed Propertzon, 
rhe ftrft and the laſt in borh will be Proportionals.For the Propor- 
tion of the firſt ro the laft is equal to all the intermediate propor- 
ons; which being in both Orders the ſame, and cqual in number, 
the Aggregates of thoſe proportions will alſo be equal to one ano- 
ther; burto their Aggregates the proportions of the firſt to the 
laſt are Equal ; and therefore the proportion of the firſt to rhe laſt 
in one Order, ts the ſame with the proportion of the firſt rorhic 
laſt in the other Otder, Wherefore the firſt and the laſt in both 

are Proportionals, | 
14 It any rwoquantities be made gf the mutual Mulriplication 


ot many quantities which have proportion to onc anorher, _ 
the 
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the Efficient quamtities an both fides be equal is , the pro”. 
portion of the Produdts will be of the — je 
portions which the Efficient ities bave to aneanorher, . 

| Firſt, ler the two Products AB, and CD, whereof one is 
made of the Multiplication of A into B and the other of che 

Mulciplication of C into D,” Ifay the porpartion of A B to 
; C Dis componnded of the propartions of the Efficient A torhe 
Efficient C, and of tte Effictent Bro the Efficient D, Far let A By 
C Band C D beſet in Order; and as Bis to D, ſolet C be roanv- 


ther quantity as E ; and let A,C,E, beſeralfoin ,,v ., 
Order, Then by (rhe 4 Corol. of the 6 Arr.) ic will 

be as ABthe Gr uantiry,to CB the g u6s ni CB 14% 
ity in the firſt Order, lo A to Cin the ſecond Or- | 67 


der; and again, as CB tro CD inthe firſt Oxder, 8 
ſoBro D, that is, (by Conftruction) ſo C to E in the ſecond Or- 
der ; and therefore (by the laſt Corollary) A B. C D:: A.E will be” 
Proportionals. But the proportion of A to E is compounded of che 
Proportions of Aro C, and of Bro D; Wherefore alſo the pro- 
portion of A Bto C D js compounded of the ſame. 

Secondly, let the two PaoduRts be A BF, and C D G, cach of 
them made of three Efficients, the firſt of A, B and F, and rhe ſc- 
condof C,D and G; 1 {ay , the proportion of A BF to C DG is 
compounded of the proportions of A roC, of B to D andot. F 
to G. For let them be ſer in Order as betcre; and as Bis to D, fo 
let C be toaaother quantity E ; and again, as F is 40 Gy ſo let E be 
to another, H ; —_ the firſt Order ſtand thus, ABF, C BE, 
CDFandCD 6G; andthe fecond Order thus, , , vu 
A,C,E,H, Then the proportion of A BF to | . | 
CBF in the firſt Order, willbe asAroC in | cg 
the ſecond; and the Proportion of C BF to | 

CDF inthe firſt Order, as B to D, thatis, as [CHÞE {| 
 CroE (by Conſtruction) in the ſecond Order; | | 
and the Proportion of CDF ro CDG inthe] CDG 
tirſt, as F to G, that is, as Eco H (by Conſtr 
ion) inthe ſecond Order, and therefore ABF. C DG::A..H 
will be Proportionals. Bur the. Proportion of A to H is com» | 

unded of rhe Proportions of A to C, B ro D, and FrvG. 

/hcrefore the Proportion of the ProdutA BF tro C D G is allo 


COIN- 
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compo unded of the fame, Andthis operation ſerves, how mary 
{oever the Efficients be thatmake rhe Quanrines given. 

From hence ariſeth another way of Compounding many Pro-- 
portions into One, namely,thar which is ſuppoſed in the 5 Definj- 
tion of the 6 Book of Exel;degwhich is, by multiplying all the Ante- 
cedenrsvt the Proportions into one another , and in like manner 
all the Conſequents into one another. And from hence allo it is 
evident, inthe firſt place , Thar the Cauſe why Parallelozranfs, 
which are made by the DuCtionf two ſtraight Lines into one an- 
ther, and all Solids which arc equal to Figures ſo made, have 
their proportions compounded of the proportions of the Efficients; 
Awad in the ſecond place , why the Multiplication of rwo or more 
Fractions into one another, is the ſame thing with the Compoſiri- 
on of the proportions of their ſeveral Numerators to their ſeveral 
Denominators. For cxample , if theſe Fra&ions 5, 4, 2 be robe 
multiplyed into one another, the Numerators 1, 2, 3 are firſt to be 
multiplyed into one another, which make 6; and next the Depo- 
minators 7, 3, 4, which make 24; and theſe two ProduQts make 
rhe Fra&tion z£.Inlike manner;if the proportions of 1 to 2,0f 2 to zz 
and of z to 4 be tobe compounded, by working as I have ſhewn a- 
bove, the ſame proportion, of 6 to 24 will be produced, 

I5 If any Proportion be compounded with it ſelf inverted, the 
Compound will be the Proportion of Equality. For let any Pro- 
portion be given, asof A to B , and let the Inverſe of ir be that of 
CroD;andasCtoD, folet Bbe to another quantity , for thus 
rhey will be compounded (by the 2 Corol. of the 1 2 Art.) Now ſce- 
ing the preportionof C to Dis the Inverſe of the proporcion of 
AtoB, itwilbbe as Cto D,ſfo Bro A, and theretore it they be 
placed in Order A,B,A,the proportion compounded of the propot- 
tions of A to B, and of C to D will be the proportion of A to A, 
that is, the proportion of Equality. And from hence the cauſe is 
evident,why two equal products have their Efficients reciprocally 
proportional. For, for the making of two products equal;the pro- 
portions of their Efficients muſt be ſuch, as being compounded 
may make the proportion-of Equality, which cannot be , except 

. one be the Imerſe of the other; for if betwixt A and A any 
other quantity as C be interpoſed their order will be A, C, Az 
and the later proportion of C ro A will be the Inverſe of the for- 
mcr propurtion of Ato C, 16 A 
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16 A Propatcion is ſaid to be multiplied by a Number: whe ir 


is ſo often taker 


en a5 there be Unities in rhar Number and if:the 
Proportion be of the Greater tothe Leſs, tkenſhallalſo the quari- 
tiry of the Proportion be increaſed by the Multiplication, bur 
when the Proportion is of the Leſs to rhe Greater, then as the 
Number increaſeth,the quantity of the Proportion diminiſheth;as 
in theſe three Numbers 4, 2,1, the Proportion of 4 to' ris not one- 
ly the Duplicate of 4 to 2, but alſo twice as great; bur invertipg the 
order of thoſe Numbers thus 1,25 4, the Proportion of x'to 2 is 
greater then that of x to 4; and theretore though the proportionof 
1 to 4 be the Duplicate of 1 to 2, yet ir is not twice ſogreart as that 
of 1 to 2, bur contrarily the half of it. Inlike manner , a Propor- 
tion is ſaid tobe Divided, when between two quantities are inter- 
poſed one or more Means in continual Proportion , and then.the 
Proportion of the firſt to the ſecond is ſaid to be Subduplicare 
of that of the firſt to the third, and Subtriplicate of rhat of the 
firſt to the fourth, &c. 

This mixture of Proportions , where ſome are Proportions of 
Excels, others of Defe& ( as in a Merchants accompr of Debtor 
and Creditor ) is not ſo eaſily reckoned as ſome think ; but makertr 
the Compoſition of Proportions ſomerimes to be Addition, ſome- 
times SubſtraQion ; which ſoundeth abſurdly to ſuch as have al- 
wayes by Compoſition underſtood Addition,: and by Diminurion 
Subſtraction. Therefore to make this account a little clearer , we 
are to conſider (that which is commonly aſſumed, and truly) that 
if there be never ſo many Quantities, the Proportion of rhe firſt to 
the laſt is compounded of the Proportions of the firſt to the {c- 
cond, and of the ſecond to the third, and ſo on to the laſt, without 
regarding their Equality, Exceſs or Defe& z So that if rwo Pro- 
portions, one of Inequality, the other of Equality be added 
ther, the Proportion is not thereby made Greater nor Leſs, as for 
example, if the Proportions of A'to B and of Bro Bbe compound- 
ed, the Proportion of the firſt ty the ſecond is as much as the Sum 
of both, becauſe Proportion of Equality (being nor quantity) nei- 
ther augmenteth quantity nor leſſe th it. But if there be three 
_uaruey A,B,C, unequal, and the firſt be greateſt, rhe laſt leaſt, 

enthe Proportion of Bto C is an addition to that of A to B, = 

R makes 
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makes it greater; andon the contrary, if Abe the leaſt, and C the 
greateſt quantity , then doch the addition of che Proportion of B rg 
C make the copounded = ea of Aro C leſs then the Prapor- 
tion of A to B, that is, the Whole leſs then the Part. The Compe- 
fitiont herefore of Proportions is nor in this caſe the Augmentation 
ef them, but the Diminution; for the ſame quantity (Exclide the 5, 
s.)compared with two ather quantities hath a greater Proportion 
to rhe lefier of them then to the greater. Likewiſe, when the Pro- 
portions compaunded are one of Exceſs, the other of Defe&, if 
the firſt be of Exceſs, as in theſe numbers 8,6,9, the Proportion 
conpounded, namely, of 8 to g, is leſs then the Proportion of one 
of the parts of it,namely of 8 to 6; but if the Proportion of the firſt - 
to the {econd be of Defe&,and that of the ſecond to the third be of 
Exceſs, as in theſe Numbers 6,8,2,zhen ſha!l the Proportion of rhe 
firſt to the third be greater then that of the firſt to the lecon,g, as 
6 hath a greater Proportion to 4 then to 8; the reaſon whereof 
is manifeſtly this, that the leſs any quantity 1s deficient of another, 
or the. more one exceederh another, the proportion of it to that g- 
ther is the greater. 

Suppoſe now three quantities in continual Proportion. A B 4, A 
C 6, ADg. Becauſe therefore A D is greater then A C, bur not 
grcater then A D, the proportion of A D to A C will be ( by E«- 
clide 5, 8.) greater.then that of AD to A D; and likewiſe, becauſe 
the Proportions of A D to A C;, andof ACto AB are the ſarne, 
the proportians of AD toAC andof A Cto AB (being both 
Proportians of Exceis) make the whole Proportion of AD to A 
B (or of 9to 4) not onely the Duplicate of A D to A C (that is, of 
9 to 6) butalſo the Double , or twice ſo great. On the other ſide, 
becauſe the proportion of AD to AD (or 9tog) being Proporti- 
on of Equality, is noquantiry, & yet greater-then that of A C ro A 
D (or 6to. 9) it wilt be as 0—g to 06,10 AC to AD, and again, 
as 0o—g ta 0—f, {0.0—6 to.0—4 ; but 0—4, 0—6,0—g are in con- 
tinual proportion; and becauſe 0—4 is greater then 0—6, the pro- 
tion of a—4, to 0—6.,will be Double to the proportion of 0—4 to 
©—9g, Doub'c Lay,and yet got Duplicate, bur Subduplicate. 

If any-be.unſatisfied with this ratiocination,lert him Bir conſid&r 
that(by Exlide 5,8) rhe proportion of AB to A C is greater _ 

tag 
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that of AB to A D whereſoever Dbe  ** 


placed.in the line A C prolonged; and 4 SS" "8 
the further off the poifit D is frow C, © FF IT... 
ſo much the greatct is the proportion 1411-41 : E E 
of ABto A C then thatof A Bro A D. 
There is therefore ſome point (which ſuppoſe be E ) in ſach di 
ſtance frotna C,as that the proportion of AB to A C will be twice 
as great as that of A Bto A E. That confidered, let hini detetmine 
the length of cheline A E,and demonſtrate (if hecany that AE 
is greater or leſs then A D. 

by the ſame method, if there be more quantities then three, #s 
A,B, C,D in continual Proportion, arid Abe cheteaft , it may be 
made appear, that the Proportion of A 6 Bis Triple Maynitudse 
(choogh ubrriple in Multitude) to the Ptoportion'of Atd'D. | 

17 If there be never ſo mary quantities , the nutiber whereof 
is odd, and their Order ſuch, that frofh the middlertioft quanriry 
both wayes they proceed in contirival Proportion ,- the' proportion 
of the two which are next on'cither fide to thermiddlemoft;is Sub- 
duplicate to the proportion of the two which are next" totheſe on 
both ſides, and Subtriplicate of the proportion of the two'which 
are yet one place' more remote , &c. For let the Magnirudes be 
C,B,A,D,E, and let Az, B,C, as alſo'A, D, E bein Continual Pro- 
portion; I ſay the proportion of D'toB is Subduplicate of rhe pro- 
portion of E to C. For the ptopottion of D roB 1s componnded of 
the proportions of D to A, and of A toBonce taken; But thepro- 
portion of E to C is compounded'of the ſame twice taken ; and 
therefore the proportion of ID toB'is Subduplicate of the propor- 
tion of E tg C- And in the ſame manner, if there were thtee 
Terms on either ſide, it might be demonſtrate rhar the propot- 
tion of D to B would be Subtriplicate of that. of che Extremes, 
&c. p 
181t there be never ſo many continual Proportionals,asthefirſt, 
ſecond, third,8c. their Differences will be Proportional to them. 
For the ſecond, third, &c, are ſeverally Conſequents of the pre- 
ceding,and Atitecedents of the following Proportion. But{by the 
10 Art.) the Difference of the firſt Antecedent and Conſequents to 
Difference of the ſecond Antecedent and* Conſequent-, is as the 
firſt Antecedent to the ſecond Antecedent, that is as the firſt 
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Term to the ſecond , or as the ſecond to the third, &c. incontinn- 
all Proportionals, £104 ha 


19 If there be three Continyal Proportionals, The Sum of the 
Extremes, together with the Mean twice taken ; The Sum of the 
Mean and either of the Extremes; and the ſame Extreme, 
are Continual Proportionals. For let A. B, C=- be Continual 
Proportionals, Secing therefore A. B::B. C are Proportio- 
nals , by Compoſition alſo A4+B.B:: B+C, C will be Propor. 
tionals ; and by Permutation AB. BC : :B, C will alſo be 
Proportionals ; and again by Compoſition A+2 B+C.B-+C : ; B 
« I C. C; which was to be proved. 

20 In four Continval Proportionals, the greateſt and the leaft 
put together;is a greater quantity then the other two put together, 

et A.B: : C.D be Continual Proportionals,whereof let the great- 
eſt be A, and the leaſt be D;I oy 4 A+D is greater then B+ C.For 
(by the 10 Art.JA—B.C—D : : A.C are Proportionals; and there- 
fore A—B is (by the 11 Art.) greater then C-D, Add B on both 
fides, and A will be greater then C-+B—D. And again,add D on 
both ſides, and A+D will be gteater then B+ C; which was to 
be proved. | 

21 If there be four Proportionals , the Extremes multiplyed in- 
to one another,8& rhe Means multiplied intoone another wil make 
equal Products. Ler A.B: : C.D be Proportionals; I ſay AD is e- 
qual roBC, For the Proportion of AD toBC'is compounded 
(by the 13 Art.) of the Proportions of A to B, and D to C, that is, 
its Inverſe B to A; and therefore Gr 14 Art) this Compouhd- 
ed Proportion is the Proportion of Equality ; and therefore alto 
the Proportion of AD toB C is the Proportion of Equality. 
Wherefore they are equal. 

22 If there bo four quantiries, and the Proportion of the firſt 
to the ſecond be Duplicate of the Proportion of the third co the 
fourth, the Produdt of the Extremes to the Produdt of the Means 
will be as the third to the fourth. Let the four Quantities be A,B 
C and D; and tet the Proportion of A to. B be Duplicate of the 
Proportion of C'to D; I ſay A D, that is, the Produt of A into D, 
15 to-BC,that is, to the Produdt of the lMeans,as C to D.For ſeeing 
the Proportion of A to Bis Duplicate of the proportion of C to D, 
if x beas C to. D, ſo D to another E, then A,B : ; C.E will be Pro- 


po- 
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rtionals, for the proportion of A toB is by ſuppoſition dupli- 
Coat of the Pro nj of C toD, and CtoE duplicate alſe of 
that of*C to D by the Definition (15 Art.) Wherefore (by the laſt 
Article) AE or A into Ezis equal to B C or B into C; But (by the | 
Coroll, of the 6 Art.) ADisto A E as D toEzthat is,as C to D;an 
therefore A D is to B-C (which as I have ſhewn, 1s<qualto AE) 
as C to D ; which was to be proved. 

Moreover , It the proportion of the firſt A , tothe ſecond Bbe 
triplicate of the proportion of the third C to the fourth Dathe Pro- 
duct of the Extremes to the product of the Means will be dupli- 
cate of the Proportion of the third to the fourth. For if ic be as C 
toDſoD toE, and again, as DtoEſoE to another F, then 
the proportion of C to F will be triplicate of che proportion.of C 
to D, and conſequently A.B : : C.F will be proportionals, and A 
F equal toBC.Butas AD to AF, ſois D to F; andrherefore alſo. 
as AD toB C,foD toF,that 15, ſo C ro E ; Bur the proportion of 
C to E is duplicate of the proportion of C to D ; Wherefore alſo. 
the proportion of A D to B C is duplicate of that of CroD, as 
was propounded. © 

23 It therebe four Proportionals, and a Mcan be interpoſed: 
betwixt the firſt and ſecond , and another betwixt the third and: 
fourth, the firſt of theſe Means will be to the {cecond, as the firſt of 
the Proportional is to the third, or as the ſecond of them is tothe 
fourth, For let A.B: : C.D be Proportionals, and let E be a Mean 
betwixt A and B,& F a Mcan betwixe C and D;I ſay A.C;:E.F* 
are Propottionals. For the preportion of A to E is Subduplicate- 
of the proportion of A to B, or of C to D. Alſo the proportion of 
C to F is Subduplicare of that of C ro D;and the:icfore A.E ::C.F . 
are Proportionals ; and by Permutation A.C :;E.F arc alſo Pro- 
portionals; which was to be proved. 

24 Any thing is ſaid to be divided into Extreme and Mean Pre-- 
portion, when the Whole and the Parts are in Coainual Propor- 
tion, As (for example) when A + B. A.B= arc Continval 
Proportionals ; or when the ſtraight line A C is ſo divided in B, 
that AC. AB. BC-- are in Continual Proportion.: And it 
the ſame Line A C be again divided in D,fo 
as that A C,C D. AD be conttnual Pro- 4 
portionals ; then allo AC.AB. AD= 
will be continual Proportionals; and in like manncr ,.thovgh in 

CON- 
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contrary order, CA.C D.CB ::- will be continual Proportiorials, 
which cannot happen in any Line orherwife divided. o 

25 If there be three continual Proporrionals, and again, three ' 
other continual Proportionals which have the ſame Middle 
Term, their Extremes will be in reciprocal Proportion. For let A. 
B.C== and D. BB. E :: be continal Proportionals, I ſay A.D : : E. 
C ſhall be Proportionals. For the Proportion of A to D is com- 
pounded of the Proportions of A to B, andof BroD; and the 
Propvrrion of E to C is compounded of thoſe of E to B, that is, of 
Bro A, and of B to C, that 15, of A to B. Wherefore (by Equali- 
ty) A.D : : E.C. are Proportionals. 

26 If any two unequal quantities be made Extremes, and there 
be interpoſed betwixt them any Number of Means in Geometri- 
cal Proportion, and the fame Number of Means in Arithmerical 
Proporti6,the ſeveralMeans in Geometrical Proportion wil be leſs 
then the feveral Means in Arichmerical proportion. For betwixt A. 
the leffer, & E the greater Extreme; let there be interpoſed three 
Means B,A,D in Geometrical Proportion,8& as many more F,G,H 
in Arithmetteal Proportion; I ſay B will be leſs thenF,ASthen G,8& 
Dthen H. For firſt, the difference between A & F is the ſame with 
t 1at between F &G,& with that between G &H(by theDefinition 
of Arjrhmetical Proportion) & therefore the difference of the pro 
portionals which ſtand next to one another , to the difference of 
rhe Extremes, is,when there is but one Mean half their difference; 
when two 3d part of itz when three, a quarter,&c. ſo that inthis 
example it is a quarter, But the difference between D and E(by 

the x7.4t,) is more then a quarter 
ef the difference between the Ex- _*_ L 
tremes , becauſe the Proportion is _B F 


—_— — — 


Geometrical ; & therefore the diffe- ©C 


rence between Aand D is leſs then 3 = ” 
quarters of the ſame difference of the (8 _._ 290 
Extremes, In like manner , if the dif- E E 


—_——_—_—_— 


ference between A&D be underſtood op 
to be divided into three equall parts, 

1t may be provedzthar the difference between A and C is leſs then 
rwo quarters of the difference of the Extremes A & E. And laſtly, 
if the difference berween A and C be divided into twoequal parts, 
tat rhe difference between AandB is leſs then a quarter of the 
alifterence of the Extremes AandE. | From 
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From the conſideration hereof it is manifeſt , that B, that 
is, A together with ſomething elſe which is leſs then a fourth part 
obthe difference of che Extremes Aande , is leſs then F, thar is, 
chenthe ſame A with ſomething elſe which is equal tothe ſaid 
fourth part. Alſo, that C,' that is A with "vr which is 
leſs then two fourth parts of the ſaid cifference,ts leſs then G,thar 
is, then A together wirh the ſaid two fourths. And laſtly , that D 
which exceeds A by leſs then thzce fourths of the {aid ; © Sura 
is leſs then H, which exceeds che ſame A by three entire fourrhs 
of the ſaid difference. And in the ſame manner it would be if rhcre 
were four Means, ſaving that in ſtead of fourths of the differenc 
of the Extremes,we are to take fifth parts; and ſo on. 
- 27 Lemmo, a y=_ being givensfirſt one quantity be beth 
2dded r it and ſub m_ - on 1t, 00 -_ anorher greater or 
leſſe, the proportion of the Remainder to the Aggregate, isgreat- 
er where e leſs quantity is added and Cee Kris =_— 
the greater quantity is added and\ubſtracted, Ler Bbe addeil to, 
and ſubſtracted from the quantiry Azſo that A—Bbe rhe Remain- 
der, and AB the Aggregate; Andagain ler C, a-greater quanti- 
tity then B be added.to, and ſubſtracted from the ſame A , ſorhat 
A—C be the Remainder and A+C the Agpregate ; I ſay 
A—B.A4-B:: A—C. A-+C will be an Hyperlogiſme, For A—B. 
A::A—C.Aisan 2 of a leſs Antecedent to the ſame 
Conſcquent; and therefore A—B.A+B: : A-C,A+C is a much 
greater Hyperlogiſme, being made of a lefs Antecederttoagrea:- 
er Conſequent. 

23 If unequal parts be taken from two; equal quantities , and 
betwixt the whole and the parrof each there be interpoſed:two 
Means,One in Gceometrical,the other in Arithmetical-proportion; 
The Difference betwixt the two Means will be-greareft,where the 
' Difference berwixt the VV hale and its part is greaxeſt.For ler A B 
8& A Bbe rwo cqual quantities; from-which let: two unequal/parrs 
be taken, namely, AE the leſs, and AF the greater; and berwixt 
ABand AE let AG be a Mean in Geometrical Proportion', and 
AHza Mean in Arithmetical Proportion. Alſo berwixt A Band 
AFlecAlbe a Mean in Geometr1- | 
cal Porportion, and AK a Meanin A : - Mb 5 
Arithmetical Proportion ; I ſay HG , b ag B 


is greater then KI. For in the firſt _}——— 
| place 
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place we have this Analogilme AB. AG::BG, GE (by the18 
Art, ) 

Then by* Conipoſition we have this AB+AG.A B::BG+ 
GE (thatis BE). BG. £1 
And by taking the halves of the Antecedents this third zAB+$ A 
G.AB:;:+BG+<:GE (thatis BH). BG. 

And by Converfion a fourth A B.; A B+; AG:: B G.BH 
Andby Diviſion this fifth + AB—;A G.;zA B+H;AG::HG.BH. 
And by doubling the firſt Antecedent 2 B-AG,AB+AG::H 
-_ the firſt Cenyqnene . G. BH, 

ſo by the ſame merhod may be 

Rod out this Analogiſine $ AB—ALAB+AI::KIBK. 
Now ſceing the proportion of A B ro AE is greater then that of 

AB to AF, the proportion of A Bro A G,which is Half the greater 
proportion , is greater then the proportion of A Bto Al the halt 
of the leſs Proportion; and therefore AI is greater then AG, 

Wherefore the proportion of AB—A Gro A B+AG (by the pre- 
cedent Lemma) will be greater then the proportion of A B—A TI to 
AB-+AI; & therefore alſo the proportion of H G to B H will be 
gteater then that of KI toBK, and much greater then the pro- 

portionof KItoBH, which is greater then B K, (for BH is the 

nalf of B E, as B Kis the half of B F, which (by ſuppoſition) is leſs 
leſs then BE). Wherefore H G is greater then K 1; which was to 
be proved. | 

Corol, It is manifeſt from hence, that if any quantity be ſuppo- 
{ed to be divided into equal parts infinite in number;the difference 
between the Arichmetical and Geometrical Means will be infi- 
nitely little, that is, none atall. And upon this foundation chietly, 
the Artof making thofe Numbers which are called Logar:thmes 
icems to have been built. 

29 If any number of quantities be propounded,whether they be 
unequall, or equall ro one another, and there be another quan- 
tity which multiplied by the number of the propounded quantt- 
ties 15 _ to them all; that other Quantity 1s a mean in Arith- 
mcticall Proportion to all thoſe propounde Inns. 46 
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Crae, XI V. 
Of Straight and Crooked, Angle 
and Figure. 


1 The Definition and Properties of 4 Straight Line 2 The Definition 
and Properties of a Plain Smper ficies. 3 Several ſorts of (rooked Lines. 
4 The Definition and Properties of 4 { ircular Line, 5 The Properties of / 
a Straight Line taken in a Plain, 6 The Definition of Tangent Lines. >. 
7 The Definition of an Angle,and the kindes thereof. 8 In Concentrick,Cir- Fs 
cles, Arches of the ſame eAngle are to one another as the whole Circumfe- . 
rences are. 9 The Quantity of an eAngle in what it conſiſts, 10 The 
Diſtmition of Angles ſimply Z called. 11 Of Straight Lines from the 
(enter of a Circle to a T angent of the ſame.” 12 The general Definition 
of Parallels; and the Properties of $ traight Parallels, 173 The Circuns. ' 

erences of Circles are to one another as their Diameters are, 14' In Tri- 
angles, Straight Lines parallel to t heeBaſes, are to one another, as the parts 
of the Sides which they cut off from the Vertex, 15 By what Fraftion of 
a Straight Line the Circumference of a Circle us made. 16 That an Angle 
of Contingence is 2 uantity, but of a Different kinds from that of an Angle 

- ſomply ſo called; and that jt can neit her add nor takg away any thing from the 

| ſame. 17 That the Inclination of P tains is Angle ſimply ſo called. 18 A 
Solid Angle what it is, 19 What ts the Nature of "Aſymptotes, 20 Si- 
twation, by what it is determined, 21 What t like Situation ; What « Fi- 
gure; axdwhat are like Figures, 


AeS NIEtween two points given , the ſhorteſt Line is 
do that, whoſe extreme points cannot be drawn 

Wh further aſunder, withour altering the quantity, 

S that is, withour altering the proportion of that 
& line to any other line given. For the Magnitude 
of a Line is computed by the- greateſt diſtance 
which may be between its extreme points ; So that any one Line, 
whether it be extended, or bowed, has alwayesone and the ſame 
Length, becauſe it can have but one greateſt diſtance between its 


extreme points. | 
ot $ And 
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And ſeeing the a@ion by which a Straight Line is made Croo- 
ked, or contrarily a Crooked Line is made Straight,is not hing bur 
chebringinz of i:s extreme points neerer to one another, or the ſer- 
ting of them furcher alunJer, a CROOKED Lze may rightly 
be Jefined to be Tirat, mhg/c ex:reme poiats maybe woderſteod to be dravn 
further a 1der, and a STRAIGHT Lineto be That, whoſe extreme 
points cannot be drawn further afaunder ; wall comparatively , A more 
Crooked, to be That line whoſe extreme potats are neerer to one another the 
thaſe of the other, (ſuppaſe 2g both the Leaes to be of e jual Length, ) Now 
| howſoever & Line de bowed , it makes alwayes a Ss or Ca- 
vity, fomecimes on one fide , fomerimes on anorher ; So rhat che 
ſame Crooked Line may cicher have its whole Cavity on one Side 
only, or it may haveit par on one ſide and part on other fides. 
Which being well underſtood , ir will be cafe to underſtand the 
tallowing Compariſons of Straight and Ceooked Lines. 

Ficl.li a Straight & a Crooked Linc have their Extreme points. 
common the Crooked Line is longer then che Straight Line, 
For if rhe extreme points of the Crooked Line be: drawn out to- 
their greareſt diſtancegit wilbe made a ſtraight line,of which that 
which was 2 Straight Line from the beginning will be buc a part; 
and therefore the Straight Line was ſhorter then the: Crooked 
Line which had the ſame extreme points. And-for the Tame rea- 
ſan, if two Crooked Lines have their extreme points common,and 
borh of chem have all their caviry on. one and the ſame fide, rhe 
outermoſt of the two will be the loageſt Line, 

Secondly , A Straight Line and a perpetually Crooked Line- 
canot be coincidentno not in the leaſt parr.For it they ſhould,rhen 
not onely ſome Straight Line would have rs extreme points com- 
mon witch ſome Crooked Line , but alſo they would by reaſon of 
their coincidence, beequal to one another; which , as I have new- 

ly ſhewn, cannot be, . 

'  Fhirdly, Between two points given there can be underſtood but 
one G—_—— becaule there cannot be more then one leaſt In- 
terval or h between the ſame points. For if there may be 


two,they will cither be coincident, and ſo both of thera will be one. 
Straight Line; or if they be not coincident”, then the application 
of one to the other by extenſion, will make the _ 


ed Line 
have. 


ho er; and 

Fourrkly, Front this laſt it follows , that two' Straight Lites 
cannot include a Superficies, For if they have both their exrretiie 
points common, they are coincident ; and if they have bix otie}or 
neither of them common, then at one, or both ends , the extreme *© 
points will be disjoyned, and include no Superficies, bur leave all 

ah 1 re he Li toht Line, F 

Fitthly, Every part of a Strai ine 58 Stra ine, For 
ſeeing cy —_ L > Sreaight Line is che leaſt that can be drawn. 
between its own cxtreme points, if all rhe vu ſhould not conftj- 
_— —— rog be longer then che 
whole Line. 

2 APLAIN, ora Plain Superficies, it that which # deceribed by s 
Straight Line ſa moved that all the ſeteral eve te ſererat 
Stra:ght Lives. A ftraight line therefbre is nec of it_ inthe 
ſame Plain which ir defcribes. Alfo the Straight Lines which are 
made by the points that deſcribe a Plain, are all of them inche 
Same Plain. Moreover , if any Line whatſoever be moved in 4 
Plain, the Lines which are defcribed by tr are all of them in the 
lame Plain. . 

All other Swperficies which are not Plainare Crooked,thar is,are 
either ConcsLe or Convex, And the ſarne Comparifons which were 
made of —_ and Crooked Lines: may alſo be made of Plain 
and Crooked ficies, For 

- Firſt, It a Plain and a Crooked Superficies be terminared with 
the ſame Lines, the Crooked Superficies is greater then the Plain 
Superficies, For if the Lines of which the Crooked Superficics 
conſiſts be extended, they will be found ro be longer then thoſe of 
which the Plain Superficies conſiſts, which carmor be extended 
becauſe they are Straight. ; 

Secondly, Two Superficies, wherof the one is Plain, and the o- 
ther continually Crooked, cannot be coincident;na not in the leaſt 

art. For if they were coincident they would be equal'; nay, the 

1 ———_— would be both Plain and Crooked, whichis int 
pollibic. 1 

Thirdly, Within the ſame terminating Lines , there can be no 
more then one Plain Superficies, becauſe there can be bur one leaſt 
Superficies within the ſame. S 2 Fourth- 
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Fourchly, No number of Plain Superficies can include a Solid, 
unleſs more then two of them end in a Common Yertex. ' For if 

two Plains have both the ſame terminating - Lines |, they” are 
coincident , that is , they are bur one Superficies ; and if their 
terminating Lines be not the ſam2, they leave one or mare fides 
open. | 
f PilchlyBvery part of a Plain Superficies is a Plain Superficies, 
For ſecing the whole Plain Superficies is the leaſt of all thoſe that 
have the ſame terminating Lines; and alſo every part of the ſame 
Superficies is the leaſt of all thoſe' that are terminated with the 
ſame Lines; if every part ſhould not conſtitute a Plain Superficies,, 
all the parts put together would not be equal to the whole. 

3 Of Strazghtne ſs, whether it be in Lines, or in Superficics there: 
is but one kinde; but of Crookedxe ff there are many-kindes , for of 
Crooked Magnitudes, ſome are Corgruos, 'thatis , are coincident 
when they arc applyed to one another; others are Inzcongruom. A- 

ain, ſome are 'ounyuos» or Uniform, that is, have their parts 

owſoever taken,congruous to one another; others are ayyonuryns 
or of ſeveral Forms, Moreover, of ſuch as are Crooked,ſfome are Con- 
tyzally Crozked , others have parts which are not Crooked. 

4 It a Straight Line be moved in a Plain , in ſuch manner, that. 
while one end of it ſtands ſtill, rhe whole Line be carried round a- 
boutztil it come again into the ſame place from whence it was firſt 
moved,it will deſcribe a plain Superficies, which will be termina- 
ted every way by that Crooked Line which is made by that 'end- 
of the Straight Line which was carried round. Now tiis Super- 
ficies.iscalled a CIRCLE, and of this Circle, the Unmoved 
Point, is the the Ceztey; the Crooked Line which terminates ir, the 
Perimeter ;, and every part of that Crooxed Line , a C:rcumference 
or Arch; the ſtraight Line which generated the Czrele, is the Semr- 
drameter or Radius; and any ſtraight Line which pafſeth through 
the Center, and is terminated on both ſides in the Circumference 
1s called the Dzameter. Moreover, every point of the Radius awhich 
deſcribes the Circle,deſcribes in the ſame time its own Perimeter, 
terminating its own Circle, which is ſaid to be Concertrick to all 
the other Circles , becauſe this and all thoſe have one common 
Center, | 14s 

Wherefore.in every Circle, all Straigit Lines from the Cen- 
ter- 
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rerto the Circumference are equal. For -rhey are all coin dent 
with the Radius which generares the Circle.” -- * | 

an the a Im divides _ —_— me the bbiee 
it ſelf intorwo equa . For it thoſe two parts be applyed to 
one another, endihs aperinicetes be coincident , $5g ſeei 
they have one common Diameter, they will be equal; and the Sc- 
micircles will þe equal alſo, for theſe alſo will be coincident. Bur 
if the Semiperimeters be not coincident ; ther ſome” one ſtraight 
Line which paſſes rhrough the Center (which Center is'int 
Diameter) will be cut by them in rwo points. Wherefore, ſeeing 
* all the ſtraight Lines from the Center to the Circumtference are e- 
qual, a part of the ſame ſtraight Line wilt be equaFto the whole ; 
which 1s.impoſſible. -* * | dla Hr Wong. 
* . For the {ame reaſon the Perimeter of a Circle will be Uni- 


form, that is, any one-part of it will be coincident with any other . 


equal part of the ſame. 
5 From hence may be collected this property of a Straight Line, 
namely, that it is all conteined' in that Plain 'whi 


Plain , that. Straight Line which deſeribes the Plain will paſs 
through them both; and if one of them be made a Center, and at 
the diſtance between both, 2 Circumference be deſcribed, whoſe 


Radius is the Straight Line which deſcribes the Plain, rhat Cit- 
cumference will -paſs through 'the other ' point. © Wherefore 
between the ewo propounded points , there 1s'one ſtraight line” 


(by the Definition of a Circle) conteined wholly in the propound- 
ed Plain ; and therefore if another ſtraight Line mighrbe drawn 
betwcen the ſame points , and yet not be-conteined jn the ſame 
Plain, it would follow, that between two points two ſtraight lines 
may be drawn; which has been demonſtrated'to be impoflible. 

- It may allo be colleed', Thar if two Plains cut one another, 
their common ſeion will be a ſtraight Line.For rhe two extreme 
points of the interſe&ion are in both the intcrſefing Plains; and 
between thoſe points a ſtraight Line may be drawn; but a ſtraight 
Line between any two points is in the ſame Plain in Which the 


Points are ;. and ſceing theſe are jn both the Plains , the ſtraighs - 


line which conne&s them will alſo be in both the ſame Plains,and 
therefore it is the comon ſe&tion of both, And every otherLine that 
can 


) | ich'conteins both 
irs extreme points. For ſeeing both its extreme points are in the 


-. 
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cane drawn between thofe points will be eichar opincidens with 
that Line; that is, it will bz the Same- Line; otic will-not be co-/ 
incidentzand then it wil be in neirher,or bur in oneaf chaſe Plains, 

As > ſtraight Line may be underſtood to-he moyed roundaboug! 
whileſt one end thereof remains fixed, as the Center; fo in like 
manner it is caſic to underſtand , that a Plain may be circumdu- 
ccd about a ſtraight line, whileſt the ftraight line remaines ſtill un 
one and the ſame place , as rhe Axzs of that motion,, Now from 
hence it is manifeſt, thar any three Points are in fame ane Plain, 
For as any two Points, if chey be conneRed by a ftraight Line,are 
underſtood tobe in the ſame Plaine in which the ſtraight Line * 
is; ſo, if that Plaine be circumduced about the ſame frraight 
Line, it will in irs revolution rake in any third Points ho 
ver ir be ſituate ; and then the three Points will be all in that * 
Plaine, and conſequently the three ſiraizhg Lines which conneR 
thoſe Points,will allo be in the ſame Plain. 

6. Two Linesare ſaid to Touch one another , which being both 
drawne to one and the ſame point , will not cut one another, 
though they be produced ,' produced I ſay in the ſame manner in- 
whichthey were gencrated. And therefore if two ſtraight Lines 
touch one another in any one pointzthey wil be contiguous through 
their whole length.Alſo two Lines continually crooked wil dv rhe 
ſame, if they he congruous, and be applyed to one- another accord- 
ing to their congruty ; otherwiſe , if they be incongraouſly 
applycd, they will, as all other crooked Lines, touch one an- 
other ( where they touch ) but in one point onely. Which is 
manifeſt from this, that rth:cre can be no-congruity between a 
ſtraight line and a line that is continually crooked; for otherwiſe - 

the {ame line might be both ſtraight ws crooked. Beſides when 
a ſtraight line touches a crooked line, if the ſtraight line be never 
fo little moved about upon the point of contaRt, it will cut the 

 crogked line, for ſccing it touches itbur inone point , if ir incline 

any way , 1t will do more then touch it; that is, it will exther be 
congruousto it, or itwill cut it; bur it cannot be congruous to itz 
and therefore it will cur is, 

7 An Angle, according to the moſt general acception of the 
word, maybe thus defined ; When two Lines, or many Superficies con- 
ewrre 12 ane ſole point , aud diverge every where elſe , the nn, 4 

that 
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the diceprnnt en ANGLE, And an Angleis of two forts;for firſt 
Ce be nade by hovenanrence of Live, and then iti 4 58- 
my 4 or by the oarutrence of Superficits, and then it 
15 called a Sos Wy « 


in, from two wayes by which two lines thay div 
frotn one anorhery Supervicial Angles are divided imo ro kinda, 
For two ge ow lems ww a Ate anorher, 21d are 
ny quo in whole length, may Darared of pulled 
in ſuch manner, thee their concurrence in one point Wi! Nil! te. 
main; And rhis Separation or Opening may be either by Circular 
Motion, the Center wheteof is their point of concurrence, and the 
Lines will ſtill retein their ftraighrneſs, the quantiry of which Se- - 
rap or Divergence is an Azgle firply ealle&;Or they thy 

ed by continual Flexion or Curvation in every imagine- 
ble point; and rhe quantiry of this Separarion is thar which ts 
called an Argle of Comingerce. 

Beſides of Superficial Angles fimply fo called, thoſe which are 
ma plain Superficies ate Plain, and choſe which are nor plain, are 
ys from the Supcrficies in which they are- | 

Laſtly , thoſe are Strarght-[z2ed Angles which are made by 
ftraight lines;as rhoſe which arcamade by crooked lines ate Crook- 
edlinec, and thoſe which are made borh of ſtraight and crook- 
&d lines , are Mixed Angles. | 
' 8 TwoArches intercepted between twdlRadr; of Concentrick 

Circles, have the fame proportion to one another , which their 
whole Perimeters have to one another, For let the point 
A tin the firſt Figure ) be the Center of the two Circles B C 
DandEFG; in which the X#4#7 AE Band AFC inter- 
cept the Arches BC and E F ; Ifay the proportion of the 
Arch BC to the ArchEF, is tlie ſame wirh' that of the Pe- 
rimer B CD to the Perimerer er E FG, For if the Radius A 
F C be underſtood tobe moved about rhe Center A with Circu- 
lar & Uniform Motion, that is, wth equal Swiftneſs every where, 
the poifit C will-in@ corthin time deſcribe the Perimeter B C D, 
and'ttt a part of that time che Atreh B C ; and becanſerhe Veloct 
ties are equal by which both the Arch and the whole Perimeter 
are ddlevibed, the propottion of the magnitude of the Perimeter 
BCD tothe magnitude of the Arch BC, is determined T no- 
thing 


136 THE FIRST GROWN DS Parts © 


thing but the difference of the times in which thePerimeter and 
the Argh are deſcribed; But both che Perimerers| ere.deſcribed in 
one and the ſame time, and both the Arches in-one. andthe ſame 
time; and therefore the proportions of the Perimeter BCD to: 
the ArchB C , and 'of the Perimeter E.F G to the Arch 
E F , ate both determined. by 'the; fame cauſe, VVherefore 
BC. D, B C::E;F-G. EF are Proportienals (by the 6 Art, of the 
laſt Chapter); and by: Permuration, BC D. E/F G ::B C.EF-will 
alſo be Proportionals; which was to-be demonſtrated. - | 
9 Nothing is contributed towards the Quantity of an Angle, 
neither by the Length, nor by the Equality ,.nor by the Incqualiry 
of the lines which comprehend ir;For the-lines AB and AC com- 
prehend the ſame Angle which.is comprehended by the lines AE 
and AF,or A Band AF, Nor 1s an Angle either uncreaſed or di 
miniſhed by the abſolute quantity of the- Arch which ſubtends 
the ſame; for both the greater Arch BC, and the lefler Arch E F 
are ſubtended to the ſame Angle. But the quantity of an Angle is 
eſtimared by the quantity of rhe ſubrending Arch compared with 
the quantity of the whole Perimeter, And therefore the'Quanticy 
of an Angle ſimp!y:ſo called may be thus defined. | 
The Quantity of an Angle, is an Agch or Circumference of a Circle , de- 
mm its preportioa to the whole Perimeter..Sp that when an Arch 
is intercepted berwcen two ſtraight lines drawn.from;the Center, 
look how great a porggn that Arch is of theyhole'Perimetcr; fo 
ggeat is the Angle, From. whence is may be: underſt6od,that when 
the lines which contein an Angle are ſtraight lines, the quantity of * 
that Angle Py be taken at any diſtance from the Center. But if 
one, or both of the conteining lines be crooked-, then the quantity 
of the Angle is roberaken'in the leaſi diſtance from the Center, 
or from their concurrence ;-for the leaſt diſtanceiis.to be conſide- 
red as a ſtraight line , tecing no.crooked-1ine can be imagined ſo 
little, bur that there may he a leſs ſtraight line, And although the 
leaſt ſtraight line cannot be given,becaule the leaſt given line ma 
ſill be divided, yet we may come to a part-ſo {mall;; as is not at a 
conſiderable; which we call a Point. And this point may be under- 
ſtood to be ina ſtraight line which touches a cxooked line ;, fer an 
Angle is generated by ſeparating by circular motion one ſtraight 


line from another which touches it, (as has been ſaid abovein he 
It 
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7th Article), Wherefore «= ugh which two crooked lines 
make is the fame wich rhat which is made by rwo firaighe lines 
which ronch chem. - | 

10 From hence it follows, that Vertical Angles,fuch as are ABC, 
DB F (in the ſecond Figure) are equal to one another. For if from 
che two Semiperimeters D A C, FD A which are equal to one 
anorher, the common Arch D A be taken away , the remayning 
Arches A C, D F will be equal to one another, | 

Another diſtin&ion of Angles is, into Rightand Oflzque. A Feght 
Angle is that, wh quantity it the fourth part of the Perimeter, And 
lines which make a Right Angle are ſaid to be Perpendicular to one 
another. Alſo of Oblique Angles, that which is greater then a 
Right, is called an Obtafe Angle; and that which is leſs , an Acute 
Angle, From whence it follows, that all the Angles that can poſſt- 
bly be made at one and the ſame Point, together taken, are equal 
ro four Right Angles; becauſe the quantities of them all put 
cher make the whole Perimeter. Allo, that all the Angles which 
are made on one fide of a ſtraight line from any one point taken in 
the ſame, are equal to two Right Anglessfor if that point be made 
the Cemer, that ſtraighr line will be the Diameter of a Circle, by 
whole Circumfterence the quantity of an Angle is —__ 
and that Diameter will divide the Perimeter into two <q 

arts. 
, 11 Ita Tangent be made the Diameter of a Circle whoſe Cee 
ter is the point of Contad , a ſtraight line drawn from the 
Center of the former Circle tothe Center of the later Circle,will 
make two Angles with the Tangent (that is-with the Diameter of 
the later Circle ) equal ro two Right Angles (by the laſt Artie), 
And becauſe (by the 6th Article) the Tangent has on both ſides e- 
qual inclination tothe Circle, each of them will be a Angle; 
as alſo the Semidiameter will be perpendicular to the ſame Tan- 
gent. Moreover, the Semidiameter,in as much as itis the Semidia- 
meter;is the leaſt ſtraight line which can be drawn fro the Centct 
to theTangent;and every other ſtraight line that reaches the Tan- 
will paſs out of the Circle,and will therefore be greater then 
eScmidi . In like manner, of allthe ſtraight lines which 
may be drawn from the Center to the Tangent,thatis the greateſt 
which makes the greateſt Angle with = Perpenpicular ; w_ 
Wi 


= þ 


138 THE. FIRST. GROUNDS Part.s; © 
will be manifeſt, if about the ſame Center another Circle be de. 
ſcribed,whoſe Semidiameter is a ſtraight line taken neerer tothe 
Perpendicular , and there be drawn a Perpendicular (that 1s, a 
Tangent)to the ſame. , ws 1211 

From whence it is alſo manifeſt;that if two ſtraight lines which 

make cqual Angles on cither fide of the Perpendicular , be pro- 
duced to the Tangent, they will be equal. | 

- 12 "There is in Ewcl;de a Definition of Straight-lined Parallels , 
but1 do not find that Parallels in-general, are any where: defined, 
and therefore for an Univerſal definition of them, I ſay, that Ay 
twol ines nhatſoe ver ( Straight or Crooked) 46 al ſe 0 any two Superfictes , are 
PARALLEL , when two equal ſtraight lines whereſoever they fall 
#yoz them , make always equal Angles with each of them, From which 
Definition it follows, | | 
Firſt, that any two ſtraight lines not enclined oppoſite wayes, 
falling upon two other ſtraight lines which are Parallel,and inter- 
cepting equal parts 1n both of them, arc themſelves alſo equal and 
Parallel. ASit A Band CD (in the tiurd Figure) enclined both 
the ſame way (fall upon the Parallels A C and BD, and A C and 
B D be equal, A Band C D will alſo be equal and Paraljel. For 
the Perpendiculars BE and DF being drawn, the Right Angles 
E BDand F DH willbe equa), Wherefore ſecingE F and BD 
areparallel, the angles E B AandF D C will be equal.Now it D 
C be not equal to B A, let any other ſtraight line equal to BA be 
drawn from the point D ; which ſeeing ut cannot fall upon the 
Doint ©, let it fall upon G.Whereore AG will be cither greater or 
leſs tien B D;and therefore the angles EB Aand FD G arenot c- 
qual,as was ſuppoled, Wherefore A Band C D are equal z which 
is the firſt, | 
©" Again , þecauſe they make equal Angles with the Perpendi- 
eulars BE and DF; therefore the Angle C D H will be equal to 
the Anzle A B D, and (by the Definition of Parallels) A B and 
C D will be parallel; which is the ſecond. 

That Plainwhich is zucluded both wayes within parallel lines ts cglled a 
PARALLELOGRAM. | 

1 Corollary, From this laſt it follows, That the Angles ABD 

and C DH are cqual; that is, that a ſtraight line (as B H) falling 
upon two Parallels (as AB and C D) makes the internal Angle 
A B D cqual to the external and oppoſite Angle C DH. 2 Co- 
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15; *Carbll,, And'from hence again it follows, that a ſraightlne 
falling/vpon rwo Parallels, makes che alternate Angles equal; that 
45; the Angle A'G F (in the fourrh figure) equal to the Angle G B 
D. For ſeeing GFD is equal to the external oppoſite Angle EG 
B,it will be alſo equal to its vertical Angle A G F, which is alter- 
natetoGFD. nga t9. hs | 

3 Coroll, That the internal Angles on the ſame fide of rhe line 
E G are equal rorwo Right Angles. Fer the Angles at F, namely 
GFCandGFD arc equal to two Right Angles. Bur GFD is e- 
qual to irs alrernare Angle AGF, Wheretore borh rhe Rage 
GEC and AGF which are internal on the ſame fide of the line 
F G,are equal to two Right Angles, * 

4 Corol!, Thar the three Angles of a ftraight-lined plain Trian- 
ole are equal to two Right Angles; and any fide being produced, 
rhe external Angle will be equal to the two oppoſite internal An- 
gles.For if there be drawn by theVertex of the plain Triangle A B 
C(figure 5.)a Parallel ro any of the ſides, as to A B, the Angles A 
and B will be equal to their alternate Angles E & F, & the Angle 
C is common. But (by the 10th Arrecle)the three Angles E;C and 
F are equal totwo Right Angles;and therefore the three Angles of 
the Triangle are equal to the ſame ; which is the firſt, Again, the 
two Angles B and D are equal to two Right Angles (by the oth 
Article). Wheretore takig away B, there will remain the Angles 
A afid C equal tothe Angle D; which is the ſecond. | 

5s Coroll, If the Angles A and Bbe equal; the fides A CandCB 
will alſo be equal, becauſe A BandE F are parallel; And on the 
contrary, if the ſides A C and C B be equal, the Angles A and B 
will alſo be equal. For it they be not equal, ler the Angles B and G 
be equal. Wherefore ſceing GB and E F are aralſels, and the 
Angles G and'B equal, the 1des G C and C B will alfo be equal ; 
and becauſe C Band A C are<qual by ſuppoſition, C G and E A 
will alſo be equal; which cannor be (by the 11th Article.) 

6 Coyoll. From hence it is manifeſt, that if two Raz of a Circle 
be conneRed by a ſtraight Line , the Angles they make with that 
conneCting Line will be equal ro one another, and if therc he ad- 

- ded tlifit tegment of the Cirele which is ſubtende@ by che ſame 
line which conne&s the Raz, then the Angles which thoſe Radiz 
make with the circumference wil alſgbe equal to one another,For 

| 'TY 7 = a 
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'y line which ſubrends any Acrch,nakes equal Angles with 
ee robes ef cha egmene wil be cence te rene 

twanaives il bdec to ORe an0- 
ther , by reaſon of rhe Ulniformity boch of Ts ty Adis 
the Circle and of the ſtraight Line. 

13 Perimeters of Circles are to one another as their Semidia- 
meters are. For let there be any ewo Circles, as (in the fieſt figure) 
B CD the greater, and E FG thelefler, having their comman 
Center at A ; and let their Semidiameters be A C and AE.I 
AC has the ſame proportion to AE which the Perimeter 
C D has to the Perimeter E F G. For the magnitude of the Semi- 
diameters A C and AE is determined by the diſtances of the 
points C and E from the Center A;and the ſame diſtances are ac-. 
quired by the uniform motion of a point from A to C in ſuch man- 
ner that in equal times the diſtances acquired be tthe Pe- 
rimeters BCD and EFG are allo determined by the ſame di- 
ſtances of the points C and E from the Center A; and therefore 
che Peimerers BCDandE FG, as well as the Semidiameters 
AC and AE have their magnitudes determined by the ſame 
cauſe, which cauſe makes in equal times equal ſpaces. VV herefore 
(by the 23 Chapter and 6th Article )rhe Perimetess of Circles and 
their Semidiameters are Proportionals; which was tobe proved. 

14 If two night Lines web coſtituce an Anglete cut byſteaight- 
lined Paralle untercepted Parallels will be to one another, as 
the parts wfh they cut off fro the Vertex. Let the-ſtraighr lines AB 
and A © (in the 6 figure)make an Angle at A& be cur by therwo 
ſtraight-lined Parallels B C and D Ezfo that the parts cut off from 
the Vertex in cither of thoſe Lines (as in A BY) may be AB and 
AD. I ſay the Parallek BCand DE are to one another -as the 
parts A B and A D.Forlet AB be divided into any aumber of e- 
qual 85 into AF,F D,D B;and by the points F and Dylet FG 
and DE be drawn Parallel to the baſe BC, and cut AC. in G 
and E ; and againby the points G and E let other ſtraight lines be 
drawn Parallel to A B, and'icut BC in H and 1. If now the. point A 
be underſtood to be moved uniformly over A B, and in the ſame 
time B be moved to C, and all the points F, D and Bbe moved u- 
niformly and with equal Swiftneſs over F G, D E,and BC ; then 
ſhall B paſs over BH (equal toF G) inthe ſametime that A pal- 


ſes over AF; and A Fand F'G will be co one another as their Ve- 
locities 
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locicies arczand when A is in F, Dwiltbe in K; when Ain DD 
will be in Ez and in what manner the A the points 
F, D and Bin the ſame manner the paſs by the points 
HJ and C ;.& the ficaighr lines F G, DK,KE, BHHI&IC are 
equal by xcaſon of their Parallelifme; and rherefore, as the velo- 
citic in A Bistothe veloci BC,ſeis AD to DEzbut as the ve- 
lecity m A Bis tothe velocity ia BU, fois ABroBC; that is to 
ſayall the Parallels will be ſeverally to all the. parts cur off frams: - 
the Vertex,as AF is toF G.VWheecfore, AE.GF::AD.DE::A 
B. BC are Proportionals. 

The $ es of equal Angles in diffcrent Circles (as tte. 
x ap ur BC andFE (m che. 1 figure) are to one another as 
the $ which they ſubrend.For (by-the 8th Art:cle) the Arch- 
es of equal Angles are to one another as their Perimeters are z and 
Nel che 13th Art.) the Perimeters as their Semidiametrers, But the- 

Subtenſes BC and FE are parallel to one anotherby reaſon. 
of the equality of the Angles which they make with the Semidia- 
meters; and therefore the ſame Subtenſes (by the laſt precedent 
Article ) will be proportional to the Semidiameters , that is, to the- 
Pcrimeters, that is,to the Arches which they ſubrend. 

15 If ina Circle any number of equal Subtenſcs be placed im-- 
media:ly after one another , and ſtraight lines be drawn from the 
extreme point of the firſt Subrenſe tothe extreme points of all the. 
reſt, The firſt Subtenſe being produced will make with the ſecond 
Subtenſe an external Angle double ro. that which is made by the 
lame firſt Subtenfe and a Tangent to the Circle touching it in 
the extreme point thezeof ; and if a ftraight line which ſubtends- 
rwo of thoſe Arches be produced , it will make an external Angle - 
with the third Subrenſe.rriple ro the Angle which is made by the 
Tangent with the firſt Subtenſez and fo continually. For-with the 
Radius AB(in the 7th figure)ler a circle be deſcribed,& init ler a-- 
ny number of equal Subrenſes BC,CD & DE be placed;alſo let B 
D & BE be drawn;& by producing BC,BD & BE to any diſtance 
 inG, Hand1,ler them make Angles with the Snbtenſes which ſuc- 

cced one.another, namely the external Angles G C D,and H DE. . 
Laſtly, let the Tangent K B be drawn, making with the firſt Sub- 
tenſe the Angle K B C. Iſay the Angle G C D is double corhe 
Angle K BC, and the Angle H D E triple to the ſame Angle K B 
C, Forif ACbedrawn cutting B.D in M, and from. the point C 


there 


- Pot 


2” 
there be drawn L C perpendicular to the fame AC,then CL and | 
M D willbe parallel by reaſon of the right Anglesat C and M'; 
and tkerefcre the alterge Angles EL C:D-and B'D C wil be equal 
as alſo the Angles B DC and C B D will beequal becauſe of the 
equality of theſtraight lines B Cand C D. Wherefore the Angle 
G C D is double te either of the Aggles CBD or C DB; and 
therefore alſothe Angle G C D is double to the Angle L C D, thar 
iszxo the Angle KB C.Again, CD is parallel ro BE-byreaſon ot 
rhe equality of the Angles C BE and DEB, and of the ſtraight 
lines C B and DE;and therefore the Angles G C D and GBE are 
equal; and conſequently G BE, as alſo D E Bis double to che An- 
gle K B C. Butthe external Angle H DE is equal to the two inter- 
nal DEBand DBE; and therefore the Angle H DE istri 
the Angle K BC, &c. which was to be proved. E.G 

1 Corollary, From hence it 1s manifeſt , that the Angles KB C 
and C B D, as alſo, that all the Angles that are comprehended by 
two ſtraight lines meeting in the circumference ot a Circle and 
inſiſting upon equal Arches, are cqual to one another. 

2 Coro!l, If theTangent B K be moved in the Circumference with 
Uniform motion about the Center B, it will in equal times cut off 
equal Arches; and will paſs aver the whole Perimeter in the ſame 
time in which it ſelf deſcribes a ſemiperimeter about rheCenterB. 

3 Coroll, From hence allo we may underſtand what it is that de- 
termines the bending or Curuatzon of a ſtraight line into the circum- 
fercnce of a Circle ; namely, that it is Fra#o continually encrea- 
ſing in the ſame manner as Nibers from 0-e upwards encreale by 
rhe continual addition of #:ty.For the indefinite ſtraight Line K B 
being S-cke in Baccording to any Angle, as that of KBC, & again 
in C according to a double Angle, and in D according to an Angle 
w.iciis triple, and in E according to an Angle which is quadru- 
ple co ric firlt Angle, and ſo continually, there will be deſcribed a 
fhzure wiicl will indeed be refiliedl if the broken parts be con(t- 
dircd as ha1ins magnitude; but if they be underftood to be the 
Jeait czai canve, hat is, as ſo many Points; then the figure deſcri- , 


bud will not be reftilineal , buta Circle, whole Circumference 
Wi'i bc tiiebroken line, 
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in the C:ircumference 0 [ame Circle, #f the intercepted Arthes be 
equa. For ſceing that CE Tine bywhoſe monion. an Angle 
is determined ,  pafſes, over equal Arches in equal times ,- as 
well from the Center as from the Circumference ; and whi'e 
that which is from the Circumterence 1s paſſing over half irs 
own Pcrimcrter , it paſſes in the ſame time over the whole Pcri- 
metcr of thar which is from the Center, the Arches w*Þ ir cuts off 
in the Perimeter whoſe Center is A, wil be double to thoſe which . 
it makes in its own Semiperimeter whoſe Center is'B. But in c- 
qual Circles, as Arches are to one another, ſo alſo are Angles. 

It may alſo be demonſtrated that the external Angle made by a 
Subtenſe produced and the next equal Subtenſe , .isequalto an 
Angle from the Center inſiſting upon. the ſame Arch; As inthe 
laſt Diagram, the Angle G C D isequal tothe Angle C A D; For 
the external Angle G C D is double to the Angle C BD; and the 
Angle C AD inſiſting upon the ſame Arch C D.is alſo double ta 
the ſame Angſe CBDorKBC. 

16 An Anglc of Contingence; if it be compared with an An- 
ele ſimply ſo called how little ſoever, has ſuch proportion to it as a 
Point has to a Line; that is, no proportion at all, nor any quantity. 
For firſt,an Angle of cotingence is made by cdtinual flexion,fo that 
in the generation of it there is no circular motion at all, in which 
conſiſts the nature of an Angle _ ſo called ; and therefore it 
cannot be compared with it according to Quantity. Secondly, fec= 
__ external Angle made by a Subtenſe produced and the next 
Subtenſe, is equal ro an Angle from the Center inſiſting upon the 
ſame Arch (as in the laſt higure the Angle G CD: is equal to the 
Angle C A D)the Angle of Contingence wil be equal to that An- 
eletrom the Center which is made by A Band the ſame A B, for 
no part of a Tangent can ſubtend any Arch; bur as the point of 
Conta& is to be taken tor the Subtenſe ,-ſo the Angle of Contin- 
gence is to be accounted for the external Angle , and equal to that 
Angle whoſe Arch is the ſame point B, | 

Now ſeeing an Angle in general is defined to be the Opening,on 
Divergence of two lines which concurre in one ſole point; & ſeeing 
one Opening is greater then another; it cinotbe denied but that by 
the very generation of it an Angle of Contingence is Quantityzfor 
whereſoever there is Greater and Leſs, there is alſo ay 5. 
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'dur this quantity confiſts in greater and leſs Flexionz for. 
-mychthe greater a Circle js, ſo much the neerer comes the 
cumference of it to che nature of a ſtraight Lige ; for che Cir- 
cutaference of a Circle being made by the curvation of .a 
ftraighc line,the leſs thar __ line is, the greater is the curvati- 
.0n;& therfore when one ſtraight line is aTangent to many Circles, 
the Angle of Contingence which it:makes. with a leſs Circle is 
greater then that which it makes with a greater Circle. ; 

Nothing therefore is added to, or taken from an Angle ſimply 
ſo called, by the addirion to it or taking from it of never ſo ma- 
ny Angles of Contingence. And as an Angle of one ſort can never 
be equal to an Angle of the other fort , fo they cannot be cither 
greater or leſs then one anorher. 

From whence it fbllows, that an Angle of a Segment, that is, 
the Angle which any ſtraight line makes with any Arch, is equal 
to the Angle which 15 made by the ſame ſtraight line, & another 

which touches the Circle in the point of their Concurrence; as in 
the laſt figure, the Angle which is made berween G Band B Kis 
equal to that which is made between G B and the Arch BC. 

17 An Angle which is made by two Plains,is commonly called 
the Inlination of thoſe Plains z And becauſe Plains have equal In- 
clination in all their parts, inſtcad of their Inclination an Angle is 
taken which is made by two ſtraight lines, one of which is in one, 
the other in the other of thoſe Plains , but both perpendicular ta 
the common Seton. 

18 ASolid Angle may be conceived two wayes. Firſt, for the 
Apgrepare of all the Angles which are made by the motion of a 
ftraight line, while one extreme pointrhercof remayning fixed, it 
is carried about any plain figure in which rhe fixed point of the 
traight line is not conteined. And in this fenfe it ſeems tra 
be underſtood by Ewdlide, Now it is manifeſt that the quanti- 
ty of a Solid Angle ſo conceived is no other then the aggre- 
= of all the Angles in a Superficies ſo deſcribed , that is, 

the Superficies of a Pyramidal Solid. Secondly, when a Py- 

ramis or Cone has its Vertex inthe Center of a Sphere , a Solid 

le may be underſtood to be the proportion of a Spherical Su- 

cies ſubtending that Vertex, to the whole Superficics of 

the Sphere. In which ſenſe ſolid Angles arc to one another a 
| t 
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the Spherical Baſes of Solids which have their Vertex in the: 
Ccnter. of 'the ſame Sphere. - '-* TI $9.2 44 
' 19: All the wayes by which two lines reſpe& one another, or all 
the variety of their” poſition may be comprehiended under four 
kindes ; For any two lines whatſoever are either Parallels or - 
being promnene I nan oe or owe a dr IEEE : 
rallelly to'ir ſelf, they make an Argle ; or elſe (by the like produ- 
Non pes motion) they Touch one another; or laſtly, they are {ſjs- 
proteby The narure of Parallels, Angles and Tangetits has beeal 
ready declared, It remains that I ſpeak briefly of the nature'of '4- 
mptores. | 
D p ymptoſy depends upon this, that Quantity is infinitly diviſible. 
And' from hence it follows , that any line being given, and #Bo- 
dy ſuppoſed to be moved from one extreme thereof towards the 0- 
ther; it is poſſible (by taking degrees of Velocity alwayes lefſe and 
lefſe in ſuch properion as the parts of the Line are 'made m_ 
continual diviſion ) that the ſame Body may be alwayes mov 
forwards in that Line, and yetnever reach the end of it. Foritis 
manifeſt that if any ſtraight Line, as AF (in the 8h figure} 
be cut any where in.B, and again BF be cutinC.,, and CF in D, 
and D F in Ezand fo eternally, and there be drawn from the point 
F the ſtraight Line FF at any Angle AFF, and laſtly, if the 
ftraight Lines AF, BF, CF, DF, EF, &c, having the ſame 
pregeyen to one another with rhe Segments of the Line 
AF, be ſer in order and parallel to the ſame AF, ke 
crooced Line ABCDE andthe ſtraight Line F F wi 
be Aſymptotes , that is , they will alwayes come neerer'and 
. nee1er together, but never touch one another, Now becauſe any 
Line may be cut ertrnally according to the proportions which'the 
Segmenrs have to one another, therefore the divers kindes of 4- 
ſymptores are infinite in number,and hor-neceſſary to be farther ſj 
ken of in this place, In the natureof Aſymprtotes in general there 
is no morc, then that they come ſtill neerer and neerer but never 
touch. Bur in ſpecial in the Aſymptoſie of Hyperbolique Lines 
it is underſtood tl.ey ſhould approach to a diſtance leffe thay apy 
given quantity. $1 12:13 116 T-9R 
20SITUATI ON #« the relation of one place to a:0ther;, &% wherethere 
are many places, their Stuaiion is determined by four things Fo 
| V ther 
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eheir Diff ances from ene avother;By ſevere Diftancer from YT 


By the order of ſtraight lines drawn from a_place aſiagned tb the places 

dame and he Angles wiveh axe mat by the lynes. ſo dravn, For 
theit Diſtantes, Qrideryand Angles be given thar 15 ,, be certainly, 
knowl, their ſeveral places will alſo be ſoicertginly known,as that 

chey can be no ocher. SONS 

$2, Points, how mdhy ſoever they bey have Lske Situation with an 
equal number of other Points, when all che ſtraigh lines that are 
dawn from ſome one; point to all theſe , have (everally the ſame 
| jon t0 thoſe that are drawn in the ſame order and at equal 
Angles from ſome one point to all thoſe. For let there be any num- 
bet of Pointsas A, B and C, (in the 9 figure), to which from 
ſome one point D let the ſiraight Lines DA, DBand DC be 
drawn; and let there be an equal number of other Points as E, F 
and G, and from ſome mp H let the ſtraight Lines HE, HF and 
H Gbe drawn, fo that the Angles ADB and BDC be ſeverally 
and in the ame order equal to the Angles E HF and F HG, and 
the ſtraight Lines D A, D Band D C proportional to the ſtraight 
Lines H EH Fand H G; I ſay the points A,B and C,, have 
Like Situation with the three points E,F & Gor are placed Alike, 
For if HE be underſtood to be layed upon D A,ſothat the point | 
Hbe in D, the point F will be in theſtraight Line D Bby reaſon of 
pequality the Angles A D Band EH F;and the point G will 
de in the iraight Line D C by reaſon of the equality of the An- 
ts BD C aud FHG; and the ſtrright Lines A Band E F, as al- 
:B C and F G willbe parallel, becauſe AD. E D::BH.FH:: 
Q D.G H are Proportionals by conſtruction; and therefore the 
Ces between the points A and B, and the points B and C,will 
proportional to the diſtances between the points E and F, and 
points Fand G. Wherefore in the ſituation of the points A, 
and C,and the ſituation of the points E,F and G the Angles in 

me order areequal,; ſo that their ſiruations differ in nothin 
put the inequality of their diſtances from one another , and of 
their diſtances from the points D and H. Now in-both the orders 
af Points thoſe inequalities are equal ; tor AB, BC::EF. F G, 
 whichare their diſtances from.one another, as alſo D A. DB. D 
C::HE.HF.H G which are their diſtances from. the aſſumed 
points Dand H, are Proportionals.. Their difference therefore 


con- 
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conſiſts ſolely in the magnitude of their diſtances. But by the de 
finitton of Like (Chap,1 1.4rt,2) thoſe things which differ onely in 
Magnitude arc Like.Wherefore the points A,B and C have to one 
another Like Situation with the points E,F and G, or are placed 
Alike; which was to be proved. 

FIGURE , « quantity determiued by the Situation , orplacing of all 
zts extreme Po;zts, Now I call thoſe points Extreme which are con- 
tiguous to the place which is withour the figure.In Lines therefore 
and Superficies all Points may be called Extreme, but in Solids 
onely thole which are in the Superficies that includes them. 

Like Figures, are thoſe, whoſe extreme points in one of them,are 
all placed like all the extreme points in the other; for ſuch Fi- 

differ in nothing but made. 
And like Fi arc dike placed, when in both of them the ho- 
Airaight lines, thar is , the iraight lines which couneRt 
the points which anſwer one another are parallel , and have their 
=_ | fides — A | A: TYPO 

An eing every Strai inc is like ev (Straight 
Line , and covey Minka every ather Plain when nothing 
but Plainneſs is conſidered ; if the Lines which include Plains, 
or- the Superficies which include Selids have their propor- 
tions known, it will notbe hard to know whether any Figure be 
like or unlike ro another propounded Figure. 

And thus much concerning the *pf Greands of Philoſophy. The next 
lace belongs to Geometry ; in which the Quantities _—__ 
fought out from the Proportions of Lines and Angles. ore 
itis neceſſary for him that would ſtudy Geometry to know firſt 
what is the nature of Quantity , Proportion, and Figure. 
Having therefore explained theſe in the three laſt Chapters, I 
thought fit roadd them to this Part; and ſo paſſe to the next. 
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in the 8 8 g Chapters, which I ſhall brief E. together here, 


that the Reader in goinghn wfiay | bays P he neerer at hand. 
Firſt therefore in the 8th Ch bapant Motion is defined 


to be gbe cont. 
Secondiyt there fn chere any a ng lor ed in 
Tame, OI3OLY: Tr CUNUTIK TINY 
Thirdly, in as fo Chapyhdtcic I have defined Ref tobe 
_ a Body remains for ſome t11ne 11 one plate. 
= 15 there (hewa , that vever..is Moved is not 113 
asalto tharchelame h44 be: Leak fill ahve gr, 
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bers mn we may confiderghr&eT ns. tg ny 
the Preſent, and the Future Fine, R) wh \noawe Sowa? oben © 

Fiftly, inthe 15 Artie of the ſame Chnxerthare defined We. 
lecity' or nifineſ to be Motion conſidered af ens Lore z "tat" Power 
by. which 8 Body Mougd may in 9 certain Tome ty. EST, ih; 
which alſo may more briefly be exuncated, 
quaritity of Motion determined by Time and 

- Sixthly, inrheſame. Pe dna 
& the. Meaſure of Tame. 

er in _ ſame Chap. 170 by I have defined Motions 
.to nally Swift , when in Eq imes Equal engthe |are 
mtiaitned chem. k 

 Eighehly;inthe'18 Article of the ſame Chapter, Motions arg de- 
fined ro be Equal, when the Smifinefi of one Moved Body computed yn e- 
very part of ts magnitude y is equal to the Swi if of other computed 
alſo in every part of its magnitude. From whence it is'ro be noted, 
'that'Aſorzons Equal to owe another, away if3,do not ſig- 
nifie the ſame thing; for when ewo horſes , the Mott- 
on'of both'is grearerthen the Motion of Ticher : of them ogy; bur 
the Swiftneſsof 'both together is but Equdl ts chavof cither. 


Ninthly, in the 19 Article of the ſame Chapter , I have _ 
that 


Firſt, I define ENDEAV OUR to be Motron made tn; tafs Spare Ard 
Time then cau be gruen; that is x leſ6 theu, ran be determined ov affaghed 
by Expoſition 6 Numbers, that ivy Motion: made the 
Points and in au Inftazt er Poins of Time, For che oxplayy | 
Definition it be remembred , that by a Poins is nop fo be 118+ 
derſtood that which has ne quantiey ,. or which cannes by any 
means be divided (for there is np ſuch thing in Neture)s butther: 
whoſe quantity is not arallconſigdercd , rhax.is., whereof, neiches; 
quantiry nor &ny part is computed. in on 5 1+; that @ 
Point is not to be eaken for an Indivifible , but for an Undivided 
thingzas alſo an Inſtant is tobe taken for an Undivided,and notfor 
an Indivifable Time, | | 

In like manner Endeavour is to þe conceived as Motion zbut fo, 
as that neither the quantity of the Time in which, nor of the Line 
in which it is made may in demonſtzation be at all brought inco 
compariſon with tity of that Time , or of that Line of 
which it is a part. ys pr as 2 Point may be compared with @ 
Point, ſo one Endeavour may be compared with another Endea- 
vour, and one may be found tobe greazer or lefle then another For 
if the Vertical points of wo Angles be compared, they will be-. 

ual or unequal inthe ſame proportion which the Angles them 
{elves have to one another. Or if a ſtraight Line cur many Cir 
cumferences of Concentrick Circles, the inequality of rhe points: 
of inter{eRion will bein be ſame proportion which the Perime+ 
ters havetoone another; And in the ſame; manner, if ewo Moti 
ens begin/and end both together, their Endeavours will be:Equal 
ox Upequal according tothe proportion of thtir Y cloecities'; as aw 
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Secondly,1 define IMPETUS vp Anethneſf of Motion, to be the" 
Swmiftneſs or Velocityof the Body moved, but conſtaerel in the ſeveral points 
of tha: time in which it is moted;, In which ſenſe Impetus & vothing ſe 
but the quantity or Telocity of Ende.rcour, Bnt conſidered with the whole 
timegit i the whole Velocity of the Body moved, taken together throw | 
the timeyd e qual to the Produtt of a Line repreſenting the time multiplyed 
mmto a'Lyee repreſenting” the arithmet:cally mean Imperus or Quickneſ#.. 
Which Arithmetical Mean what it is, i5 defined 1n the 2gth Art:- 


+ cleof the 13 th Chapter. - 


And becauſe in equal times the wayes thatare paſſed are as the 
Velocitzes;and the Imperws is the Velocity they go withal reckoned 
in all the ſeveral points of the times , it followerh that during any 
ritfe whatſoever, howſoever the /mpetws- be encreaſed or decrea- 
ſed; the length'of the way paſſed over ſhall be encreaſed of de- 
creaſed inthe ſame'proportion ; and the ſame. Line ſhall repre- 
ſent both the way of rhe Body moved, and the ſeveral /mpetws or 
_—_ $wiftneſs' wherewith the way is paſſed over. 

And if the Body moved be not a point , buta ſtraight line mo- 
ved foas thatevery point thereof make a ſeveral ſtraight line, the 


\ Plain deſcribed by its motion , whether Uniform , Accelerated or 


Retarded, ſhall be greatcr or leſs (the time being the ſame) in the 
ſame proportion with that of the -zpetws reckoned in one motion 
to the mperns reckoned in the other. For the reaſon is the ſame in 
Parallelograms and their Sides, 

For the ſame cauſe alſo if the Body moved be a Plain,the Solid 
deſcribed ſhall be ftill greater or leſs in the proportions of the ſc- 
veral Tmpetws br Quickneſſes reckoned through one Line, to the ſc- 
veral Impetus reckoned through another, | 

This underſtood, let A BC D (in the firſt fi of the 17th 
Chapter) be a Parallelogram'; in which ſuppole the fide AB to 
be moved parallelly to the oppoſite fide CD,decreafing al the way 
till it vaniſh in the point C, and ſo deſcribing the figure ABE FC; 
the pointB as A B decrcaſeth, will thereforedeſcribe the Line B 
E FC; and ſuppoſe the time of this motion deſigned by the line 
C D,; and in the ſame time CD ſuppoſe the fide Kc C to be moved 


parallelly and uniforftily ro BD. From the pojnt,O taken at adven- 
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BEEC inE, andthe fide ABinR. And again from'the poinrQ. 
takeh alſo at adyenture in the Line CD,draw Q $'pa to BD, 
cutring the Line BEFCinF, andthe fide ABinSy and draw 
E Gand F HparallelroC D, cutting ACinG and H. Laſtly, 
ſuppoſe the ſame conſtruQion done in all the points poſſible of. 
Line BEFC. I ſay, that asthe repre of the Swiftneſſes 
wherewith QF, OE,D B, and all the reſt ſupopſed robe drawn 
parallel to D B,and terminated in the Line BE F Care to the 
portions of their ſeveral Times deſigned by rhe ſeveral _ els 


F = 


HF, G E,A Band all the reſt ſuppoſed tobe drawn 1 to the 
Line of time C D,and terminated inthe Line BEFC ( theag- 


FreBare ro the aggregate) ſo is the Arca or Plain DBE FC tothe , 


rea or Plain ACFEB, Foras AB decreaſing continually by 
the line BEF C vaniſheth in the time CD intothe point C, ſo 
in the ſame time the line D C continually decreaſing vanitherh 
by the ſame line CFE B into the point B; and the point D de- 
ſcribeth in that decreaſing motion the line D B equallto the line 
A C deſcribed by the point A in the decreafing motion of A &B 
& their ſwiftneſles are therefore equal. Again,becaule in the time 
GE the point O deſcriberh the line O E, and in the ſame time 
the point R deſcribeth the line RE;the line OE ſhall be to the line 
R E,as the ſwifeneſs wherewith O E is deſcribed tothe ſwiftne(s 
wherwith RE is defcribed.In like miner,becauſc in the ſame'rime 
H F the point Q deſcriberh the Line Q F,and the point $ the Line 
$ F, it ſhall be as the ſwiftneſs by wich QF is deſcribed to the 
ſwiftneſs by which $ F is deſcribed, ſoche Line it felf QF tothe 
LineirſelfSF; and ſoinallche Lines that can poſſibly be drawn 
parallel toB D inthe points where they cut the Line BE F C.Bur 
all the parallels ro B Das R E,S F,AC and the reſt that can poſſi- 
bly be drawn from the Line AB to the Line BEF C make the 
Arca of the Plain A BEF Czand all the parallels tothe ſame BD, 
as QF,OE,DB &: the reſt drawn to the points where they cur the 
ſame Line BEFC make the Area of the Plain BEFCD. As there- 
fore the aggregate of the Swittneſſes wherwith the PlainBEFCD 
is deſcribed is tothe aggregate of the Swiftneſles wherewith the 
Plain ACFEB is deſcribed;(o is the Plain it ſelf BEFCD yr 
X ain 
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Plain ic ſelf ACFE B Bur the agyregare of the Times repreſents 
by che parallels AB, G EH F and the reſt, maker alfo b7 0s 
AC FE B. Andtherefore as the azgregate of all the-Lines QF, 
OED Bandall the reſt of the Lines parallel ro B D and termina. 
tcd in the Line BE FC 1s rothe aggregate of all the Lines 'H F, 
GE,A Bandall the reſt of the Lines parallel ro CD &xerminated 
inthe ſame Line BE F C; thar is, as the aggregate of the Lines of 
$wifencls to the aggregate of the lines of Time, or as the whole 
Swiftnc(s in the parallels ro DBrothe witole Time in the parallels 
toCD, to is rhe Plain BEFCD to the Plain ACFEB., And 
the proportions of QF ro F H,and of OEtoEG, andot DB to 
B A,and ſo of all the reſt taken togetherare the proportion of the 
PlamDBEFC rothcPlain ABEFC. Bur the Lines QF,OF, 
D Band thereſt arethe Lincs that deſigne rhe Switneſs ; and rhe 
Lines H F,G E,AB & the reſt are the Lines that deſfigne the Times 
ef the motions; and therefore the proportion of rhe Plain D BE 
FC to the Plain ABE F C is the proportions'ot all the V clocities 
taken together, toall the Times taken together, Wheretore as the 
proportions of the Swiftnefles,8:c.which was to be demonſtrated. 
- The ſame holds alſo inthe diminution of rhe Circles whereof ' 
the lines of Time arethe Semidiameters, as may cafily be concei- 
wed by imagining the whole Plain A B CD turned round upon the 
Axis BD, for the Line BE F-C will be every where in the Super- 
ficies ſo made, and the Lines H F,G EzA B which here are Paral- 
lelograms will be there Cylinders, the Diameters of whole bafes 
arechelines H.F, G E, A B, &c. and the Altitude apoint,thar is to 
ſay, quantity leſs thenany quantity that can ly be named ; 
and the Lines Q F, O E, DB, &c. {mall ſolids whoſe lengths and 
breadths arc leſs then any quantity that can benamed, 

Bur this is to be noted, that unleſs the proportion of*the ſumme 
of the Swiftneſſes tothe proportion of the furnme of the Times be 
determined;the proportion of the Figure D BEF C te the Figure 
ABE F C cannot be determined. . 

Thirdly, I define RESISTANCE to be the endeavour of one 

. m2Ved Body, erther wholly or in: part contrary to the endeavour of another 
m9Ued Body, which teucheth the ſame. 1 ſay wholly contrary, when the 
-endeayour of two Bodics-proceeds in the ſame ſtraight Line from 
the. oppolite extremes, and contrary in part, when two _—_ 
' avec 
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have their endeayonr inye) Linen» Wiich, Stocerding Them: the 
cxtreme poings of a ſir Linc, meer Wiahout the ſame. '.c; 

Fou: thly, thar.l may define what $45 to-PR ESSE, 1 fay that 
Of two moved Lodges one Preſſes the other,zbeu nb #8 Endecyour it makes 
either all or paxt of the other Body to, go wut of ts place, 


Fiftply , 4 Body which is preſſed and not wholly remoled is faid to 4 
RESTORE zt ſelf, whex(tbe pre {ing Body being takew gway,) the parts E 
nhich nere moved , do ty reaſon of the internal conjtitutcen' of the -preſſed 
Body, return eLery one into.i1s own plice, And this we may obſerve in 
Springs, in blown Bladders , and in many other Bodies, whoſe / 
parts ycild more or leſs rothe Endeavour which the preſſing Body 
makes at the firſt arrival ; but afterwards (when the preſſing Body 
is removed)they do by ſome farce within them Reftore chemlelves, 
and give their whole Body the ſame figure ithad before. 

Sixthly,I define FOR CE tobe the [Impetus & Quickneff of Me- 
tion mul:4plyed either tnto it ſelf, or tnto the Magrit ide of the Movent 
meas wherof the ſa:&Motent works more or le ff upon the Body that reſiſts it. 

3 Having premiſed thus muchJI ſhal now demonſtrate,Firſt,Thar 
if a point moved come ta touch anather point which is arreſt, how 
lictle ſoever the mpetus or quickneſs of its motion be, itſball move 
that other point. For if by that /mpetws it do not art all mave ir our 
of its place , neither ſhall ir move it, with double the ſame 1m- 
petus ; for nothing doubled is till nothing z and for the ſame xea- 
{on it ſhall never move it with that /mpetws how many times foever 
it be multiplyed,becguſe nothing how ſoever it be multiplyed will 
for cvcr be nothing, VV heretore when a point is ar rcft , 1f1r donor 
ycild to the leaſt /mpetss, it will yeild conone, and confequently it 
will be impoſſible that that which is at reſt ſhoull ever te moved. 

Secondly, that when a point .moved , how little ſoever the 
Impetws thereof be , falls upon a point of any Body ar reſt ;* how 
hard ſoever that Body be ,-it will at the firſt touch miake' ir 
yeild a little, For if it do not yeild to- the mpets which is in 
that point , neither will it yeild to the Impetus of never ſo ma- 
ny points, which have all their 1mpetus-leverally equal tothe Im-- 
petusof that point, For ſceing all thoſe pbints together work equal- 
ly,if anyone of them have no effec ,' the-aggregate of them all 
r6gether ſhall have no effet as many times told as there arc 
points in the whale Body, that _ no effec ar all; and by con- 
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ſequent there would be ſome Bodies ſo hard thatit would be int- 
| poſſible ro break them; that is, a finite hardnefle , or # finite force 
would not yeild to that which is infinite; which is abſurd. 

Corollary, Tt is therefore manifeſt , thar Reſt does nothing ar all, 
nor is of any efficacy ; and that norhing but Motion gives Motion | 
to ſuch things as be ar Reſt, and takes ir fram things moved, 

Thirdly, that Ceſſation-in the Movent does not cauſe Ceſſation 
in that which was moved by it. For (by the 11th Number of the 
T2 Article of this Chapter) whatſoever is moved, perſevers in the 
ſame way, 8 with the ſame Swiftneſs, as long as ir 15 not hindered 
by ſome thing that is moved againſt it. Now it is manifeſt, thar 
Ceflation is not contrary Motion; and therefore ittollows,that the 
ſanding ſtill of the Movent , does not make it neceſſary that the 
thing moved ſhould alſo ſtand ſtill. 

Corollary, They are therefore deceived , that reckon the taking 
away of the impediment or reſiſtance, for one of the cauſcs ot 
Motion. | 

4 Motion is brought into account for divers reſpe&s ; Firlt, as 
in a Body #/d;Lided, (that is, conſidered as a point); or,as ina 
DiLided Body. In an Undivided Body , when we ſuppoſe the way 
by which the Motion is made, tobe a Line ; and in a Divided Bo- 
dy, when we compute the Motion of the feveral parts of that Bo- 
dy; as of Parts. 

Secondly , From the diverſity of the regulation of Motion, it ts 
ma Body conſidered as Undivided, ſomerimes #iform, and ſom e- 
times Mult:form, U:iform is that by which equal Lines are alwayecs 
tranſmicred in equal times; & Multiform, when in one time more, 
in another time leſs ſpace is tranſm icted. Again, of M ulriform Mo- 
tions, there arc ſome in which the degrees of Acceleration and 
Retardation proceed in the ſame proportions which the Spaces 
tranſmitted have , whether duplicate, or triplicate, or by what- 
ſoever number multiplyed; do others in which it is otherwiſe. 

Thirdly, from the number of the Movents; that is , one Motion” 
15 made by one Movent onely , and another by the concourſe of 
many Movents. 

_ from the poſition of that Line in which a Body is mo- 
ved,in rcſped of ſome other Line ; and from hence -one Motion is 
called Perpendicular, another Oblique, anpther Paralel, 
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Fifthly, 
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Fifthly,from the poſicion of the Movent in-reſpedt of the Mov 
Body;from whence one Motion'is Pulfion or Driving;another Trafs- 
ozor Drawing, Þ U LS1ON, when the Movent makes the Moved - / 
Body goe before itz and TRA CT 1 ON, when it makes it follow, 
Again, there are two ſorts of Pulfiorz one, when rhe motions of the 
Movent and Moved Body begin both together, which may. be cal- 
led TRUSION or Thruſting and VECTION; the orther,when 
the Movent is firſt moved, and afterwards the Moved Body,which 

Motion is called PERCUSSION or Stroke, | 

Sixthly, Motion is conſidered ſometimes from the Effe&t -onely 
which the Movent works in the Moved Body, which is uſually cal- 
led Moment, Now MOMENT # the Excefi of Motion which the 
Mcuent has, aloLe the Motton or Endleatcur of the Reſiſting Body. 

Seventhly, it may be conſidered from the Fi cer of the Me- 
dium ; as one Motion may be made in YVacatty or empty Place;another 
in a flu;d, another ina conſiſtent Medium, that is, a Xedium whoſe 
parts are by ſome power ſo conſiſtent and cchering,thar no part of the 
lame will yeild ro the Movent, unlefs the whole yeild alfo. 

Eighthly, when a Moved Body is conſidered as having parts, 
rhere ariſes another diſtin&ion of Motion-into Simple and Compenn- 
ded. Simple, when all the ſeveral parts deſcribe ſeveral equal lines; 
Compcunted, when the lines delcribed are Unequal. . 

5 AllEndeavour tends towards that part , that is to ſay,in that 
way which is determincd —"—_— Motion of the Movent,if the Mo- 
vent be bur one; or, if there be many Movents, in that way which 
their concourſe determines. For example, if a Moved Body have 
dire& Motion, its firſt Endeavour will be in a Straight line z it it 
have Circular Motion;its firſt Endeavour wilt be in the Circumfe- 
rence of a Circle;8 whatſoever the line be in which a Body tas its 
Motion from the concourſe of two Movents, as ſoon as in any point 
thereof the force of one of the Movents ceaſes, there immediare- 
ly the former Endeavour of that Body will be changed into an En- 

cavour in the line of the other Movent. 

6 Wherefore, when any Body is carried on by the concourſe of 
two Winds,one of thoſe Winds ceaſing, the Endeavour and Mo 
tion of that Body will be in that line, in which it would have been 


carried by that Wind alone which blows ſtill, And'in the de 
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Fcribing of a Circle, where that which is moved has-its' Motion 
determined by a Movenc in a Tavgent , and by the Radius which 
keeps it ina certain diſtance from the Center , if the-retention 
of & Radius cea(c, that Endcavour which was in the Circum« 
ference of the Circle, will now-be in the Tangent, that is, ina 
Straight line. For {ecing Endeavour is compuicd in a lefle 
of the Circumference then can be given, that is, in point , the 
way by which a Body 1s moved in the Circumference is.com- 
pounded of innumerable $traighr lines; of which every one is lets 
then can be given, which are therefore called Points, Wherefore 
when any Body which is moved inthe Cixcumference of a Cir- 
cle, is freed from the retention of the Radius, it will procced in 
one of thoſe Straight lines, thar 15,1n a Tangent. 
+ All Endeavour, whether ſtrong or weak, is propagated to in- 
finite diſtance; for it is Motion. If therefore the firſt Endeavour 
of a Body be made in Space which is empty , it will alwayes pro- 
ceed with the ſame Velocity; for it cannot be ſuppoſed thar it can 
reccive any refiſtance at all from empty Space; and theretore (by 
the 7 Artide of the g Chapter)1it will alwayes proceed in the ſame 
way and with the ſame Swiftneſs. And if its Endeavour be in 
Space which is filled, yet ſeeing Endeavour is Motion, that which 
ſtands next in its way ſhall be removed, and endeavour further, 
and again remove :hat which ſtands next, & ſo infinitely. Where- 
tore the propagation of Endeavour from one part of full Space to 
another, procceds infinitely, Beſides , it reaches in ary inſtant to a- 
ny diſtance, how great ſocver;For in the ſame inſtant in which rhe 
firſt part of the full Medium removes that which 15 next it, 
the ſecond alſo removes that part which is next to it ; and 
therefore all. Endeavour , whether it be in empty or in full 
Space, proceeds not onely ro any diſtance how great ſoever , bur 
0 in any time how little ſocver, that is, in an inſtant. Nor makes 
zt any matter, that Endeavour by proceeding growes weaker and 
-weaker, till at Jaſt it can nv longer be perceived by Senſe; for Mo- 
tion may be inſenfible ; and I do not here examine things by Senſe 
and Expcricnce, bur by Reaſon, - 
8 When two Movents are of equal Magnitude , the ſwifter of 
them works with greater force then the {lower upon a Body that 
X TC- 
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Panty, MOTIONS &f MAGNITUDES, © 
reſiſts their Motion, Alſo if two Movents have equal Velocity, 
the greater of them works with more force then the leſs. For 
where the Magnitude is equal , the Movent of greater Velocity 
- makes the greater impreſſion upon thar Body upon which ir falls; 

and where the Vclocity is equal,the Movent of greater Magnitude 

falling upon the ſame point, or an.equal part of another _ lo- 
ſes leſs of its Velocity, becaule the refilling Body works onely up- 
on that part of the Movent which.it touches, and therefore abates 
the mperus of that part onely, whereas in the mean time the 
parts which are not touched proceed,and retein their whole force 
till they alſo come to be touched, and their force has ſome effeR. 
Wherfore(for example) in Batteric$,a longer then a ſhorter picce 
of Timber of the ſame thickneſs and velocity, and a thicker then 
a flenderer piece of the ſame length and velocity, works a greater 
cffe& upon the Wall, 
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Crae. XV L 
Of Motion Accelerated and V niform, 
and of Motion by Concourl:. 


rt The Velocity of any Body, in what Time ſoever it be computed, is that which 
#s made of the multiplication of the Impetus, or Quickneſs of its Ao- 
tiox into the Time. 2, Fc. In all Motion, the Lengths which are paſſed 
through, are to one another, as the Produtts made by the Impetus maltipyed 
tntothe Time. 6 If two Bodies be moved with Wniform Motion through two 
Lengths, the proportion of t hoſe Lengths to one another will be compound:d 
of the proportions of Time to Time, and Imyetus to Imperus , diretty raken, 
7-1f two Bodies paſs through two Lengths with Uniform Motionythe propor- 
tron of their Times to one another will be compounded of the propertions of 
Length to Length and Imperus to Impetus, reciprecally taken; alſo the propor- 
tion of their Impetus to one another will be compounded of the proportions of 
Length to Length and Time to Time , reciprocally taken, 8 If 4 Body 
be carried on with Ukniferm Motion by two Movents together, which meet in 
an Angle, the line by which it paſſes will be a fright line ſubtending the 
complement of that Angle to two = Angles. 9,& c.If a-Body be carried b 
two Movents together,one of them being moved with —_— the other wit 
eAccelerated Motion,and the proportion of their Lengths to their Times be- 
mg explicable in numbers, How to find out what line that Body deſcribes, 
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EAIAHeVelouityof any Body , in whatſoever Time it 
M a be moved , has its quantity determined by the 
"2 ſum of all che ſeveral Quickneſſes or 1mpetus 
A KR "is which it hath in the ſeveral points of the Time 
C\ LJ of the Bodies Moron. For ſeeing Velocity(by the 
I Dctinition of it Chap.8.Art.15.) is that Power by 
which a Body can in a certain time paſs through a certain Jength; 
and Quickneſs of Motion, or /mpetus (by the 15 Chap. Artic.2.Numb, 
2.) is Velocity takenin one point of time onely, all rhe Impetus t0- 
gether taken in all the points of time , will be the ſame thing 
with the Mean Impetus multiplyed into the wholeTime, or which 


is all one, will be the Velocity of the w hole Motion, 


Corol- 
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Corollary. If the Impetws bethe ſame in every poi, ght. 
line repreſenting it Ss taken for the meaigeof Time;zand the 
Quickneſles or Impetus applyed ordinately to any ſtraight line mar 
king an Angle with it, and repreſenting the way of the Bodies mo- 
tion,will deſigne a parallelogram which ſhall repreſent the Velo- 
ciry of the whole Motion, Bur if the Impetws or Quickneſs of Moti- 
on begin from Reſt, and increaſe Uniformly , that is , in the ſame 
proportion continually with the times which are paſſed , the - 
wholeVelocity of the Motion ſhall be repreſented by aTriangle, 
one {ide whereof is the whole time , and the other the greateſt 
Impetu acquired in that time z or elſe by a parallelogram, one of * 
whoſe ſides is the whole time of Motion , and the other, half the 
greateſt /mpet.u; or laſtly by a parallelogram having for one ſide a 
mean proportional between thewhole time8& the half of that time, 
& for the other ſide the half of the greateſt /mpetws, For both theſe 
parallelograms are equal to one another, & ſeverally equal to the 
triangle whichis made of the whole line of time ,- and the greateſt 
acquired /mpetis;as is demonſtrated in the Elements of Geometry. 
2 Inall Uniform Motions the Lengths which are tranſmit- 
ted are to one another, as the produc of the mean /mpetrws mul- 
tiplyed into its time, to the product of the mea:; Impetw multiply- 
= alſo jnto its time. 
For let AB (in the firſt Figure) be the Time, and A C rhe 
Impetus by which any Body naifes with Uniform Motion thro 
the Lengrh D &; & in any parr of the time AB.,as in the time A'F, 
ler another Body be moved with Uniform Motion, firſt , with the- 
ſame impetus A C. This Body therefore in the time AB with the 
Impetus A C will paſs through the length AF. Seeing therefore, 
when Bodies are moved in the ſame Time, & with the ſame V c- 
locity 8&1mpetw 1n every part of their motion,the proportion of one 
Length tranſmitted to another Length rifinines is the ſame w4* 
that of Time to Time, it followeth,that the Length tranſmitted in 
the time A B with the mpetus AC will be to the Lengthtranſmit- 
ted in the time A F with the ſame Impetw AC, asA Bitlelf is tro 
AF, that is, as the parallelogram ATI is to the parallelogram AH, 
that is, as the produdt of the time A B into the mean Impetw A C 
is to the produdt of the time A F into the ſame Impetw A C. 
Again , letitbe ſuppoſed that a Body be moved in the time AF, . 
; Op not 
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not with the ſame but with ſome other Uniform /mpetus, as AT. 
Secing therfore oue of the Bodics has in all the parts of its motion 
the 1mpetwAC, and the other in like manner the /mpetes A L, the 
Length triſmitred by the Body moved with the /mperts AC will be 
to the Length tranſmitted by the Body moved with the 7mpetus 
AL,;a5s AC it ſelf is zo A Lythatis, as the parallelogram AH is to 
the parallelogram F L. Wherefore, by ordinate proportion it will 
be, as the parallelogram Al to the parallelogram F L, that is, as 
the produG of the mean /mpetws into the Time is to the pgoduR 
of the mean Impetus into theTimeyſ(o the Length tranſmitted in the 
+ time A B with the /mpetus AC, to the length tranſmitted ig the 
time A F with the /mpetus , A L; which was tobe demonſtrated, 
Cor, Secing therefore in Uniforra Motion (as has been 
thewn) the Lengths tranſmitted are to one another as the paral- 
lclograms which are made | multiplication of the mean 1m- 
petus into the Times, that is, (by reaſon of the equality of the 1m. 
' petusall the way) as the Times themſelves, it will alſo be by per- 
mutation, as to Time to Length, ſo Time to Length ; and in gene- 
ral, to this place are applicable all the properties and tranſmuta- 
tions of Analogilmes which I have ſet down and demonſtrated in 
the x3 Chapter. 

3 In Motion begun from Reſt,and Uniformly Accelerated(that 
is, where rhe Impetss encreaſerh continually according to the pro- 
portion of the Times) it will alſo be, as one produt made by the 
Mean 1mpetas multiplyed into the Time, to anorticr produdt made 
likewiſe by the Mcan /mpeius multiplyed into the Time , fo the 
Length tranſmitted in the one Time, tothe Length tranſmitted in 
the other Time, | 

For let AB (in the ſame 1 figure) repreſent a Time in the be- 
ginning of which Time A, let the /mpetws be as the point A;but as 
che Time goes on, (0 let the Impetasencreaſe Uniformly till in the 
laſt point of that Time AB,namely in B,the mpetus acquired be BL 
Again ,let A Frepreſent another Time, in whoſe beginning Ayer 
the mpetus be 25 the point it ſelf Azbut as the Tume proceeds;ſo ler 
the Impetws encreaſe Uniformly till in the laſt point F of the Time 
A F the /mpetus acquired be F K; and let DE be the Length paſ- 
fed through in the Time A B with Impetus Unitormly encreaſed. I 
fay the Length D E,isto the Length tranſmitted in the Time AF, 
as the Time AB multiplyed into the Mean of the Impetus Ws 
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fing through the rime AB, Se me 4 3 OE 
' ihtothe Mean of the /mpetas encreaſing the time AF. 
For ſceing the Triangic A Blis che whale Velocity of the Bo - 
& ed in the Time A B till the mpetas acquired be B land the 
riangle AFK the whole Velociry of the Body moved in the 
Time A F with /mpetzs encreafing till there be acquired the im 
twFK; theLength DE tothe Length acquired inthe Time AF 
with /mpetss encreaſing from Reſt in A till there be acquired the 
Impetus F K, will beas the Triangle A BI to the Triangle AFK, 
ctharis, if the Triangles ABI and AFK be like, in duplicate | 
roportion of the Time A B to the Time A F ; bur if un- 
og the proportion compounded of the po of AB to 
BI,8 of AK to AF.Wheretore,as A Bis to A F K.folet DE be ts 
D P ; for fo, the Length reranſmirred in the Time A B with 1npe- 
tw encreafing to BLwill be to the Length traaſmirted in the Time 
AF with mpetus encreaſing to F K, as the triangle A BI is tothe 
triangle A F K; But the triangle A BI is made by the multiplicati- 
on of the Time AB into the Mean of rhe /mpetas encreafing to BI, 
and the triangle A F K is made by the mukiplication of the Time 
A Finto the Mean of the /mpetss encreafing to F K ; and therefore 
the Length D E which is. tranſmirred in the Time AB with pee 
tus encreaſing to BI, ro the Length D ÞP which is tranſmirted in' 
the Time AF with /mpetus encreaſing to F K, 1s as the produ& 
which is made of the Time A B multiplyed into irs mean /mpetas, 
co the product of the Time A F multiplyed alto into its mean im 
petusy which was to be proved. | 
Corel, 1 In Motion Uniformly accelerated, the proportion of the 
Lengths tranſmitted,to that of their Times,is compounded of the 
proportions of their Times to their Times and 1mpetus to Impetus. 
Cord, 2 In Motion Uniformly accelerated , the Lengrhs tran(- 
mitted in equal times taken in continual ſucceſſion from the be- 
ginning of Motion , arcas the differences of iquare numbers be- 
ginning from Unity, namely, as 3,537, &c. For if inthe firſt time 
the Length tranſmitted be as 1 , inthe firſt and ſecond times the 
Length tranſmitted will be as 4, which is the Square of 2 , and in 
the three firſt rimes, it will be as 9, which is the Square of 3,and 
in the four firſt times as 16, and ſo on. Now the differences of 
theſe Squares arc 35557 &C. | 
Corol, 3 In Motion Uniformly-accelerated from Reſt,the yu__ 
LS. 23 tran{- 
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x64 Of the PROPORTIONS of Party, © 
tranſmitted, is to another Length tranſmitted vniformly. in the 
ſame Time, but with ſuch Impetus 2s was acquired by the acce- 
lerated Motion in the laſt point of that Time, as'a triangle toa pa- 
rallelogram which have their alritude and baſe common. Fox Ge 
ingthe Length DE (in the fame t figure) is paſſed through with 
Velocity as the triangle A BI, it is neceſſary that for the paſſing 
through of a Length which is double to DEzthe Velocity be as the 
parallelogram Al; for the parallelogram AT is double to the tri. 
angle A BI. . 

4 In Motion whick beginning from Reſt, is ſo accelerated;that 
the Impetus thereof encreale continually in proportion duplicate to 
the proportion of the times in which it is made,a Lengrh tranſmir- 
ted in one time will be to a*Length tranſmitted in another time;as 
the produ@t made by the Mean Impetus multiplyed into the time of 
one of thoſe Motions, to the produ& of the Mean Impetus multi- 
plyed into the time of the other Motion. | 

For let A B(in the 24. figure)repreſent a Time, in whoſe firſt in- 
ſtant A let the Impetus be as the point A; but as the time proceeds, 
 {@let the Impetus encreafe continually in duplicate proportion to 
that of the times, till in the laſt point of time B the Impetus acqui- 
red be BI;then taking the point F any where in the time AB,let the 
Impetus F K acquired in the time A F be ordinately applyed to that 
point F. Seeing therefore the proportion of F K to BI 1s ſuppoſed 
ro be duplicateto that of A Fo A Bythe proportion of AF ro AB 
will be fubduplicate tothat of F K to BI; and that of AB to AF 
will be (by Chap. 13.Article 16) duplicate to that of BI to F K, 
and conſequently the point K will be in a parabolical linc whoſe 
diameter 15 AB and baſe BI; and for the ſame reaſon, to what 
point ſoever of the time A-Brhe Impetus acquired in that time be 
ordinately applyed, the ſtraightline deſigning that Impetus will be 
inthe ſame parabolical line A K I. Wherefore the mean Impetus 
multiplyed into the whole time AB will be the Parabola. A KIB, 
equal ta the parallelogram A M, which parallelogram has for one 
ſide the line of time A B and for the other the line of «he Impetus 
A L, which is two thirds of the Impetus BI; for.every Parabola is 
equal to two thirds of that parallelogram with which it has its al- 
titude and baſe common, Vhercfore the whole Velocity- in A B 
will be the parallelogram A M;,as being made by the multiplicati- 


on of the Impetas A L into the time A. B;And ig like manner;if fo | 
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be taken , which is two thirds of the Impets F K , and the 
park Bengpand FO be completed, F O will be the whole Ve- 

ocity in the time A F, as being made by the Uniform Impe- 
ws AO or FN multiplycd into the time A. F, .Let now the 
length tranſmitted in the time AB and with the Velocity AM 
be the ſtraight line DE ; and laſtly , let the Length tranl- 
mitted in thetime AF with the Velocity A N,be DP:I (ay that as 
AM is toA N>,er as the Parabola A KI Bto the Parabola A F Kyſo- 
iSDE to DP. Foras AM istoFL (thatis, as ABisto AF) (o 
let D E be to D G. Now the proportion of A M to AN is com- 
pounded of. the propoxtions of AMto FL, and of FL to AN.. 
 Butas AM toF Lzfo (by conſtruction) is D EroD Gzandas F L 
is to AN (ſeeing the time in both is the ſame, namely, AF), fo is- 
che Eength D G to the Length DP; for Lengths tranſmitred in” 
the ſame time are to one another as their Velocities are. VV here- 
fore by ordinate proportion, as A M 1s to A N, that is,as the mean. 
Impetus A L multiplyed intoits time AB, is tro the mean Impetus. 
A P multiplyed into A F,fois D E to DP; which was to be pro- 
Ved, R 
Corel, x Lengths tranſmitted with. Motion ſo accelerated that 
the Impetus encreaſe continually in duplicate proportion to that of 
their times, it the baſe repreſent the Impetus, are 1n triplicate prc- 
portion of theis Impetus acquired in the laſt point of their times... 
For as the Length DE. is to the Length DP, ſo is the parallelo- 
gram A M to the parallelogram AN, and ſo.the Patabola A BI K 
to the Parabola A F K;But the proportion of the Parabola A BI K 
tothe Parabola AF K istriplicate to the proportion which the 
baſe BI has to the baſe F K. Wherefore allo the proportion of D E 
to D P, is triplicate tothat of BItoF K, 

Corol, 2 Lengths tranſmitted in equal Times ſucceeding one 
another from the beginning , by Motion ſo accelerated , that rhe 
proporti6 of the 7mperus be duplicate to the proportis of the rimes, 
are to one another as the differences of Cubique Numbers begin- 
ning at Unity, that is, as 719,37, &c. For if in the firſt time the 
Length tranimitred be as 1, the Length at the end of the ſecond 
time will beas 8, at the end of the third time as 27,and at the end 
of the fourth time as 64, &c. which are Cubique Numbers, whoſe 
differences are 7,19, 37, &c. 

Corcl, 2 In Motion fo accelerated;as that the Length mnalmices 
. 
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be alwayes to the Length tranſmirted in duplicate proportion to 
rheir Tine ain L Uniformly odds in ch whichks rime 
and with' /mpetws all the way cqual to that which is laſt ac- 
quired, is a5a Parabola to a parallelogram of the ſame alticnde 8 
baſe,thar is, as 2 to 3, For the Parabola A BIK is the Impretxs' en- 
creaſing in the time AB; and the parallelogram AI is the great- 
eſt Uniform 1mpetws multiplyed into the ſame time AB. ere- 
fore the Lengths tranſmitred will be as a Parabola ro a parallele- 
gram &cc. that IS, As 2 to 3. 

5 If I ſhovld proceed ro the explication of fuch Motions as are 
made by /mpetx« encreaſing 1n proportion triplicate , quadrupli- 
cate, quintuplicare, &c. to that of their rimes, rt would be a labour 
infinite and unneceflary. For by the ſame method by which I have 
compured ſuch Lengths as arc tranſmirted with Anperrs encrea- 
ſing in fingle and duplicate proportion , any man may compute 
ſuch as are tranſmitted with /mperms encreafing in triplicate, qua- 
druplicate or what other proportion he pleaſes. 

In making which computation he ſhall finde , that where the 
Tmpetus encreale in proportion triplicate to that of the times, there 
the whole Velocity will be deſigned - firſt Parabolaſter (of 
which ſee the next Chapter);and the Lengths tranſmirted will be 
in _——_— quadruplicate to that of che times. And in like man- ' 
ner,where the /mpetws encreaſe in quadruplicare proportion to rhat 
of the eimes,thar there the whole Velocity will be deſigned by rhe 
{econd Parabolaſter , and the Lengths tranſmitted will be in 
. > proportion to that of the times ; and ſoon conti- 
nually. 

6 it two Bodies with Uniform Motion tranſmit two Lengrhs, 
cach with its own mpetus and Time,the proportion of the Lengths 
tranſmitred will be compounded of the preportions of Time to 
Time, and /mperws to Impetws, directly taken. 

Let two Bodies be moved Uniformly (as in the 3d figure) One 
in thetime A B with the Impetws A C, the other in the time AD 
with the Impetus AE. Ifay the Lengths tranſmitted have their 
proportion to one another compounded of the proportions of A B 

ro A D, and of A C to AE. For let any Length whatſoever, as Z, 
be tranſmitted by one of the Bodies in the time A B with the Im- 
pets A C; and any other Length, as X;be tranſmitted by the other | 
Body in the time A D with the Imperus A E; and let the parallelo- 
grams 
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AF and A G be completed.Secing now Z is to X (bythe ad 
Article) us the Impetus A C multiplyed intorhe time AB Ae the: 
Impetus A E maleptyeg into the time A.D,chatis,as AFro AG; 
the proportion of Z ro X will be compounded of the ſame propor- 
tions, of which the proportion of AFroAG is com ed; Bur 
the proportion of AF ro A G is compounded of the proportions 
of he tide ABtothe'ſide AD, andef the fide A C tothe fide 
AE (as is evident by the Elements of Exclide), that is, of the pro- 
portions of the time A B to the time A D,and of the Impetus AC 
ro the Impetus AE. Wherefore alſo the proportion of. Z to Xis 
compounded of the ſame proportions of the time AB tothe time 
A D,and of the Impetus A C to the Impetws AE ; which was tobe 
demonſtrated. 

Coral, 1 When two Bodics are moved with Uniform Motion, if 
the Times and Impers be in reciprocal proportion , the Lengths 
tranſmitted ſhall be equal. For if it wereas AB to AD (inthe 
ſame 3d figure) ſo reciprocally AE to A C,the proportion of A F 
to AG would be compounded of the proportions of A B to AD! 
andof AC to AE, that is, of the proportions of AB to A D and 
of ADto AB, Wherefore, AF would beto AG as A.Bto AB,, 
thatis cqual; and ſo the two produdts made by the multiplication 
. of Impetus into Time would be equal; and by conſequent , Z would 
be equal to X, 

Corel, 2 If two Bodies be moved in the ſame Time , but with 
different Impetur, the Lang tranſmitted will be as Impetus to Im- 
petus, For it the Time of both of them be A D, and their different. 
Impetus be A E and A C, the proportion of 'AG to D C will be 
compounded of the proportions of AE to A C and of AD to AD, 
that is, of the proportions of AE to A C andof AC to A C;and- 
fo the proportion of AG to DC, that is, the proportion of 
Lengrh to Length will be as AE to A Chat is, as that of Impetus: 
to Impetes, In like manner, if rwo Bodies be moved Uniformly,and 
both of them with the ſame Impetus , but in different times , the- 
proportion of the Lengths tranſmitted by them will be as that of 
their times, For if they have both the ſame Imretus A C,and their 
different times be A B & A D,the proportion ef A:F to DC will be: 
compounded of the proportions of AB to AD andot aw to 
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A C:that is,of the proportions of A Bro A D and of AD,toAD; 
and therefore the proportion of A Fro D C, that is, of Length to 
Length, will be the ſame with that of ABto AD, whichis the 
proportion of Time to Time, | $150 

7 If rwo Bodics paſsthrough two Lengths with Uniform Mo- 
tion,the.proportion of the Times in which they are] moved will be 
compounded of the proportions of Length to Length and Imperas 
to Impetus reciprocally taken. . 

For let any two Lengths be given, as (in the ſame 3d figure) Z 
and X, and let oneof them be tranſmirted with the-Ampetws AC, 
theofher with the Impetws AE. I ſay the proportion of the Times 
in which they are tranſmirted,willbe compounded of the propor- 
tions of Z to X, and of A E (which is the mpet«s with which Xiis 
tranſmitted) to A C (the Impetus with whuch TZ is tranſmitted.) 
For ſeeing AF is the produdt of the Impetus AC multiplyed into the 
Time A B,the time of Motion through Z will be a line w* is made 
by the applicatis of the parallelogram AF to the ſtraight line AC, 
which line is A B; and therefore A B is the time of motion through 
Z.In like manner,ſecing AG ts the produd of the Impetus AE multi- 
plied into theTime ADzthe time of motion through X wil be a line 
which 15 made by the application of A G to the ſtraight line A D; 
but AD is the time of motiorhrough X.Now the proportion of AB- 
to A D is copounded of the proportions of the parallelogram A F 
to the parallelogram AG, and of the Impetus AE tothe Impetus 
A C; which may be demonſtrated thus. Put the parallelograms 
inorder AF, AG, D C; and it will be manifeft that the propor 
tionof AF ro DC is comvounded of the proportions 4 AFro 
AGandof AGtoD C;bnt AFisro DC as A Bro A D; where- 
fore alſo the proportion of AB to A D is compounded of the pro- 
potrions of A Fro AG & of AG to DC.And becauſe the Lengrh Z 
15tothe LengthX as AF is to AG, & the Impetus AE to the Impetas 

AC as AG to DC,therefore'the proportion of AB to AD will be 
compounded of the proportions of the Lengrh Z to the Length X, 
and of the Imretus AE to the Impetus A C; which was to be de- 
monſtrated. 

» In the ſame manner it may be proved, that in two Uniform Mo- 
tions the proportion of the Imperus is compounded of the proporti- 
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and A B the Impetus with which the L through; 
and AE tobe the Time, and A D the Impetus with which the 
Length X is paſſed through, the. demonſtration will proceed as 
in the laſt Article. | F 

$ If a Body be carried by two Movents together which move with 
ſtraight and Uniform Motion, and concurre in —_—_— angle, 
the line by which that Body paſſes will be a ſtraight line. 

Let the Movent AB (in the gth figure) have ſtraight and Uni- 
form Motion, and be moved till it come into the place.C D;" and 
let another Movent A C , having likewiſe ſtraight and Unifortn 
Motion, and making with the Movent A B any given angle C A'B, 
be underſtoed to be moved in the ſame time'to D'B; and letthe 
Body be placed in the point of their concourſe A. I ſay the line 
which that Body deſcribes with its Motion is a ſtraight line.For tet 


theparallelogram A B D C be completed, and its diagonal 'AD- 


be drawnzand in the fixaight line A B ler any point E be taken;and 
from it let EF be drawn parallel to the ſtraight lines AC and'BD, 
cutting AD in G; and through the point G let H I be drawn paral- 
lel to the ſtraight lines A Band C D, and laſtly, let the meaſure 
of the time be AC. Seeing therefore both the Motions are made in 
the ſame time, when A Bis in C D, the Bodyalſo will bein C D; 
and in like manner, when A C is in BD, the Body will be in BD. 
But ABis in C D at the ſame time when AC is inBD; and 
therefore the ,Body will be in CD and BD at the ſametime; 
Wherefore it willbe in thggommon point D. Again , ſeeing the 
Motion from AC to BD is Uniform, that is,the Spaces t it- 
ted by it are in proportion to one' another as the Times in which 
they are tranſmitted, when AC isin EF, the proportion of AB 
to AE will be ſame with that of E F to E G, that is, of the Time 
AC tothe Time A H. Wherefore AB will be in H I inthe ſame 
timein which AC isin E F, ſothat the Body will at the ſame 
timebein EF andin HI, and therefore in their common. point 
G. And inthe ſame manner it will, be whereſoever the poine E be 
taken between A and B. Wherefore the Body will alwayes be in 
the Diagonal AD ; which was to i demonſtrated, 
Co- 
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For if we ſuppoſe AC (in the ſame-3d figure)ts be the Time, 
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Gerallawy. Fromhence it is manifeft, chat che Body will be car. 
ried through the ſame ſtraight line AD, though the Motion benot 
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Laniform, ovided it have.like acocleration; the proportion of 
to AH, 


ABzo &A E will alwayesbe the ſame with that of A 

9 If a Badybe carried by two Movers together, which meetin 
any given angle , and are moved , the one Linifoemly , the other 
with Motion Uniformly accelerated from Reſi(thatis;thartthe pre- 
portian.of their Snperws be as thatet their Times) that is , tharthe 
proportionof their Legths be duplicate co that of che lines of their 


Times, till the line of greateſt mpers acquired by acceleration be * 


equal torthatof the line of Time of che Uniform Motion the line 
| inwhichthe Body is carried willbe the crooked line of a Semipa- 
;- r= He baſe is the /apetes lat acquired,andVertex the point 

Reſt, 

Let __ C_ line A B { in the 5th Fagure ) be underftood 
to be moved withiniform Mation co'C D ; and let another Me- 
vent in the firaight line A.C be fu d tobe moved in the ſame 
. Saco BD,but with motion Lnfformly accelerted, that is,avith 
ſuch mxanian, that the artion of the Spaces which are trar. 
Mittod be 5s dupkcare tothar of che Times, tillche /xoperas 
 acquiredbe B _ tothe firaight lime A C , and letthe Semi- 

parabala A G D B be deſcribed. I ſay that by the conconrſe of 
thaſc ewo-Movents, the Body will be carried chrough the Seripa- 
bolical:crodked linc AG D. For letthe parallelelogram AB DC 
be completed; & from the paint E taken any where in the ſtraight 
linc ABlet E F bbe drawn parallel zo A C,and cutting the crook- 
<d line inG; and laſtly, throughthe point G let AI be drawn pa- 
rallel tothe fraight lines AB and & D. Seeing therefore the 
5onof A Bro A E is by tuppolition duplicate to the proper- 


Proportion 
tionef E F to E G, that 15, of therime AC wthe time A H,atthe - 


{fametimewhen AC isinEF, AB willbein HI; and therefore 
the moved Body will be in the common point G. And fo it will al- 
waycs be in what part {oevecr of A B the point E-be taken. VWhere- 


fare the moved Body will always be found in the parabolical line 


AG D; which was to be demonſtreted. | 
10 If a Body be carried by two Movents together, which meet 
wn any given angle,and are moved, the one Uniformly; the other 
with Impetus cncreaſtug from Refttill it be equal tothat of = U- 
orm 
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niform Motion, and with ſuch acceleration, thar the proportiois of - 
the Lengthstranſmined be every where etiplicare tarhar of! the 
Times tm which they arc tranſmitted, The tine: ia whick char 
Body is moved , will be the crooked line of the-firfd Semi 
laſter of rwo Means, whoſe bafe isthe lat acquired. 


Let the ſtraight-line AB (in the 6th. igure) be moved Uni- 
formly to C Dzand let another Movem A © be moved ar the {ante 


'-timeto BD with motion fo- aceclexared., char the proportion of 


the Lengths tranſmitted bycvery where triplicate ro yn wm 
| the of that 


tion of their Times ; and let the /mpetus acquired in the 

motion be B D,cqual to the ſtrarght line A C8 lattly, let A D be 
the crooked live of the firſt Semiparabolaftey of two Means. Ifay 
that by the concourſe of rhe trxo Movems. hes, che Bodpweilt 


| bealwayesin that crooked line A D. For ler: the! pacallelogram 


ABD C be completed; and from.the point E taken” anywhere in 
the ſtraight lire A BlktE F be drawnparalle}coA © and'curting 
the crooked line in G; and through the poino G let HI be drawn 
parallePto the _ - _ — C D. Secmg therefore che 
ortion of AB ro A E lis (by Har wplicatc' ro the pro- 
Cn of E Fo E G, thavis, of the time A yay aythnters oa 
the ſame time when AC is mnEF, A Bwilt beirHIz apdthere« 
fore the moved Body will be in the common paint G:And ſoirwi# 
alwayes be in what part {over of A B the point E-berakens and 
by conſequent the Body will always be inthe crooked lime A'G-Dy 
which was to be demonſtrated. 
11 By the ſame method it may be ſhewn what line it isthae 
it made by the motion of a Body carried by the' coneourſe of any 
two Movents, which are nw, one of them Unitormly , the 0- 


'ther with acceleration, bur in ſuch proportions of Spaces-arid 
"Times as are explicable by Numbers, as duplicate , triplicate &c. or 


ſuch as may be deſtgned by any broker number wharfover.: For 
which this is the Rule. | | 

Let the rwo numbers of the Length & Time be atided togerher; 
& letthcir Sum be the Penominator of'a Fraftion, whoſe Nume- 
rator muſt be the number of the Length, Seek this Fra&ion in the 
Table of the third Article of the 17rh Chapter; and the line 
ſought will be that which denominartes the three-fided Fignte ne- 
ted on the left hand,and the kind of it will be that which' 15 num- 
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red above over the FraQtion, For example; Let there be #-con- 
courſe of two Movents,whercof one is moved Uniformly,the other 
with motion ſo accelerated that the Spaces are to the Times as 5 
to.3. Leta Fraftion be made whoſe Denominator is the Sum of 5 
and 3, and the Numerator 5 , namely the FraQtion {. Seek in the- 
Table, and you will find x to be the third in- that row which be- 
longs to the three-ſided Figure of four Means. Vherfore the line of © _ 
Motion made by the concourſe of rwo ſuch Movents as are laſt of 
all deſcribed, will be the crooked line of the thixd Parabolaſter of 
four Means. 

12 If Motion be made by the concourſe of two Movents where- - 
of one is moved Uniformly, the other beginning from Reſt in the 
Angle of concourſe with any acceleration whatſoever;the Movent 
which is Moved Uniformly ſhall put forward the moved Body in 
the ſcyeral parallel Spaces, leſle, then if both the Movents had U- 
niform motion; and ſtill leſle and leſle , as the Motion of the other 
Movent is more and more accelerated. 

Let the Body be placed in A (in the 5th figure) and be mo- 
ved by two Movents , by one with Uniform Motion from the. 
ſiraight line A B to the ſtraight line C D parallel tot; and by the. 
ather with any acceleration from: the ſtraight line AC to the 
ſtraight line BD parallel to it ; and in the parallelogram-A BDC 
let a Space be taken between any two parallels E F and G H.I ſay, 
that whileſt the Movent A C paſſes through the latitude which 1s: 
berweenE F and G H,the'Body is leſſe moved forwards from A B/ 
towards C D, then it would -have been, if the Motion from A C 
to BD had been Uniform, 

For ſuppoſe that -whileſt the Body is made to deſcend to the 
parallel E F by the power of the Movent from A C towards BD, 
the ſame Body in the ſame time is moved forwards to any point F . 
in the, line. E F by the power. of-the Movent from A B towards 
© D; and let the ftraight line A F be drawn and produced inde- 
terminately, cutting G H j | On, pane itiSas AE to AG, 
ſoEFtoGH,zif AC Mold deſcen towards B D with uniform 
Motion, the Body in the time G H (forI make AC and its pa- 
rallels the meaſure of time) would be found in the point H.But bo 
cauſe A C is ſuppoſed ro be moued towards BD which motion 
continually accelerated, that is, in greater proportion of Space to 
SPAace A 
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Space then of Timeto Time, in the timeG H the Body will bein 
ſome parallel beyond it, as between G H' and BD. Suppoſe now 
that in the endof the time GH irbein the parallelI K, &1n I K let 
; IL betaken equal toG H, When therefore the Body is in the pa- 
rallel I K, it will bein the point L. Wherefore when it was in the 

arallel G H, it was in ſome point between G-and H, as in the 
point M; but if both the Motions had been Uniform it had been in 
the point H; and therefore whileſt the Movent-AC paſſes over the 
latitude which is between E Fand GA, the Bedy is leſs moved 
forwards from A Browards C D;then it would have been it both 
the Motions had been Uniform ; which was tobe demonſtrated. 

13 Any Length being given whch is paſſed through in a given 
time with uniform motion, To find out what Length ſhall be paſ- 
ſed through in the ſame time with Motion uniformly accelerated 
that is, with ſuch Motion, that the proportion of the Lengths paſ- 
ſed mp continually duplicate to that of ther Times , and 
that the line of the /mpetus laſt acquired , beequal to the line of 
the whole time of the Motion. 

. Let AB (inthe 8th. figure) be a Length tranſmitted with Uni- 
form Motion in the time A C; and let it be required to find ano-- 
ther Lengoh which ſhall be tranſmitted in the ſame time with 
Motion Uniformly accelerated, fo, that the line of the mpetes laſt - 
acquired be equal to the.ſtraight line AC, 

et the parallelogram A BD C Be completed; and let BD be 
diyided in the middle at E; and between BE and BD let BF be & 
mean proportional ; and let AF be drawn and produced till it. 
meet with C D produced in G; and laſtly, let the parallelogram 
AC GH be completed. I ſay AH is the Length required. . 

For as duplicate proportion is to ſingle proportion, ſo let AH 
be to A l;that is, let AI bo the halt of AH; andler I'K be drawn: 
parallel to the ſtraight line A C, and cutting the Diagonal AD in - 
K, and the ſtraight line A G in L. Seeing therefore AI is the half 
of A HzI L will alſo be the half of B-D, that is, eqral ro BE; -. 
and I K equal to B F; for B D, (that is, G H), BF, and BE (tbatis; - 
I L) being continual proportionals, A H, A'B, and AI will alſobe 
continual proportionals. But as AB is to Al, thatis,as AH is 
to A B,fois BD tol K, and ſoalſois G H,thatis , BD to BF; 
and therefore BF and I K are equal. Now the propor:ionof A'H 
to AI is duplicate to the proportion of A Bto A], thar is, to that 


of . 
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of BD to-I K, or of G H to IK, Wherefore thepoint K wilhbeina 
Parabola,whoſe diameter is A H & hbefe G.HjwhiehG His-equal 
ro-A C, The Body therefore: proccexling: from Refi in-A' with 
motion Unitormly accelerated in thertme. A C,whien ichas paſſed 
rhrough the Length AH , will acquirethe /mpetas G H equat to 
the time A.C;.that is, ſuch /mpets, as that with it the Body will 
pals thraugh the Length A C inthe ime AC. Wherefore any 
Length being given,&c.which was propounded to be done. | 

14 Any Length being given which ina given Time is cranſmitred 
with Uniform Motion, To find out what Length ſhall be trranſmic- 
red in the ſame Time with Motion ſo accelerared,that theL 
tranſmitted be continually in triplicate properrion to that-of their 
Times , andthe line of the /mpetus laſt of all acquired be equalto 
the Line of Time given. 

Let the given Length AB (in the gth figure) be rranfmirted 
with yonr Dn motion in the Time AC; aud ler it berequiredto 
find whar Length ſball be tranſmitted in the ſame time with me- 
tion ſo accelerated , that the Lengths: rranſmitred be continua 
intriplicate proportion to that of their Times,and the Impetus | 
acquired-be equal to the Time given, 

Let the parallclogram A B D C be completed; and lex B D be 
ſo divided in-E; that: BE be a third part of the whole BD ; and 
let B F be a mean proportional between B D'and BE ; and let AF 
be drawn and produced tillit nicer the fFraight line C D in G;and 
laſtly, let the parallelogram A'C G H be completed, Ifay AHis 

the Length required. | 

For as triplicate proportion is to ſingle proportion, ſo let AH be 
20 another line A1, that is,make A] a rhird part of the whole AH; 
and let I K be drawn parallel to the ſtraight line AC, cutting rhe 
Diagonal A D in K,and the ftraight line AG in Ly then, as AB 
is to Al, fo let A Tbetoanother AN; and from the point N let 
N Qbe drawn parallel to A C, cutting AG, A D, and F K produ- 
ced,inP, Mand Oy and laſt of all let FO and LM bedrawn, 
which will be equal and parallel to the ſtraight lines BN and I'N. 
By this conſtruCtion, the Lenzrhs tranſmitted AH, AB, ATand 
AN. will be centinual proportionals; and in like manner, the 
Times G H, BF, IL and N P, that is, NQ, NON MandNP 
will be continual proportionals, and inthe ſame proportion with 
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AH,AB,ALand AN. Wherefore the propartian of AH to 
ANSOLOIE TREES B D,tharty toN P; andchc 

raportion of N Quo N P tiplicateto thatof. NQ tro. N. ; that 
E reiplicave to.that of BD to IK; Wherefore alſo the d:c 
AHistothe AN in triplicate proportion a0 that iof the 
TimeBD tothe TimeT K ; and therefore rhe crooked line wt rhe 
firſt three fided faguee of rwo means, whoſe Diameter is A Hand 
baſe G Hequal to AC, ſhall paſs through the paint ©:z and con- 
ſequemly A H ſhall be tranſmutted in the rune'A C,, and Gall 
have its laſt acquired /mpers G H cqual to A ©, and che propor- 
tions of the Lengths acquired in any of the times triplicate toche 

gpartions of the times themſelves, VVherefore AH is the 
a required to þe found out, 3 | 

By the ſame method, if a Length be given which is tcandanc- 
, ted with Uniform Motion in any given Time another Lengrh qnay 
be fonnd out, which ſhall betranſmitted in the ſame Time with 
motion ſoaccelerated, that the Lengrhs tranſmitted thallbeto- 


the Times ia which they ace tranſmaitted,in pr 101 
Cates mapIeorenng 3s an infinitely. For if b Db os 
E-ſo: that B D be to BE as 4 to 4; and there betakenbormern BD 
and BE 4 meau proportional F B, and as A H.isto A By fo A Bbe 
made t04 third , and again fo that«third toa fourth , and char 
faurth to8 fifth A N, ſo that the proportion.of A H ro A N be.qua- 
druplicate to chat of AH to A B, and the paralle NBFO 
be completed; the crooked line of the firit thr d Figure of - 
throe Means will paſs through the point O ; and equity rhe 
Body.moved will acquize the /mpetus G H equal to A C'inthe 
time A C. And ſoof thexeſt, 
t5 Alſo, if the proportion of rhe Lengths tranſmitted , be +0; 
that of cheir Times, as any number to any number, the (ame me- 
thod ſerves for the finding out of the Length trenſminted with 
ſuch Znperus,and wfuch Time, IT 01996 $04 1 * 
For let A C (inthe 10 figure) be the time , SnS 
watgbred wich IJniform Moaien oo = B; and _ 
lagram A B ing campleted, let it be required tofind, aur 2 
chin which that Body mey Þe moved ip thedame time AG. 
iro A wh,mogion {o acceleratedgthat the proponionat theLongriw 
trapimitzed, to that of the Times be contiruallyas 3'to2c- a 
| et- 
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Let BD be fo dividedin E,that BD be toBE as 3 to2; and be- 
tween B D and BE let BF bea mean proportionall; and let' AF 
beUrawn and producedrill it meet wich C D produced in G; and 
making'A M a mean proportional between, A H and AB, letitbe 
as AMro AB ſfoABroAI; and fo the proportion of AHrto AI 
will be to that of AH to A B, as 3to 2. (tor of the proportions 
of which that of A Hto A M is one, thatof AH to A Bis two,and 
that of AH to AI is three;)& con{cquently-as F to2 to thatof G H 
to'BF, & (F K being drawn parallel to B Land cutting A D in K) 
ſo likewiſe to tharof G Hor B DtoIK, Wherefore the propor- 
tion of the Length AH to'AI is to the proportion of the Time 
BDtolI K, as 3 to 2; and therefore; if in the time AC, the Body 
be moved with accelerated motion, as was propounded, till it ac- 


ame Time will be A H. 


had been as 4 to 3, there ſhould then have been taken two mean 
Py between AH and AB, and their proportion ſhould 

ave been continued one term further, ſo that AH to A B might 
have three of the ſame proportions, of which AH to AI has four; 


Now.the way how to interpoſe any number of Means between two 


general Rule; If there be a Time grven , and a Length be tranſmitted in 
that Time with Uniform Motion; 4s for example ,if the Time be A C, and 
the Length AB the ſtraight lie A G,whith determines the Length C G 


ſhall ſocut BD in F, that B F ſhall be a mean proporticnal between B D 
and BE, BE being ſo taken im BD , that the proportion of Length to 
Length be every where to the proportron of Time to Time, as the nhole B D 
i torts part BE. 

17 It ina given Time, two Lengths be tranſmitted , One with 
uniform motion;the other with motion accelerated in any propor- 
tion of the Lengths rd the Times, and again in part 0 the tai 
Time, parts of the ſame Lengths be tranſmitted with the ſame 
motions, rhe whole Length will exceed the other Length inthe 
ſame proportion in which-one parr exceeds the other part. 

For example;let A B (inthe 8th. figure) be a Length nn" 
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quite the Tmpetw H G equal to A Cthe Lengrh tranſmitted in the: 


16 Butif the proportion of the Lengths to that of the Times 


and all things elſe ſhould have been done as is already ſhewn, 


Lines given,is not yet found out.Nevertheleſs, this may ſtand for a 


or AH tranſmitted im the ſame Time A C' with any accelerated motion, 
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ted in the time A'C with unifornf orion; and let A H be anorher 
Fengrh rranſmicred inthe ſame time” with Morion--uniformly ac- 
celerared; ſo thar the Impetas laſt acquired be GH equalto AC. 
ard in A'H let ary part All be taken,and 'tranſmitred 1n part of the 
time A'C with unitorm Motion;and let another pare A Bberaken,. 
and tranſ{micred in the ſame part of the time A:C with Motion u- 
niformly accelerared;11ay;that as AH is ro AB, ſo will AB be to 
K1; | | 

Let BDbe drawnparallel and equal to H G, and divided in the 
midſt at E, and berween BD and BE, let a mean proportional be 
aken-as BF; & the ſtraight line A G(by the demonſtration cf che- 

th Art:)thal paſs throngh F. And dividing AH inthe midſt ar1, 
FE ſhall be a mean proportional between AH and A1,. Again 
becauſe Al andA Bare deſcribed by the ſame Motions) if IK be 
drawn parallet and equal roBF or AM, and divided inthe midſt 
atN, and berween T KandIN be raken the mean proportional I L,. 
the ſtraight line A F will (by the demonſtration of tte ſame 13th- * 
Arr.)pats through L. And dividing A Bin the midſt at ©, the line- 
AI will be a mcan proportional berween A'B'and AO. Where- 
8B is divided mm land O in like manner:as AH is divided in Band: 
Fandas A Hto ABſois AB to A1I:Which was to be proved. 

Coroll, Alfoas AH to AB, ſo is HBto BI; and ſoalſoBIto1O.. 

Ahd as this (where one of the Motions is uniformly accelerated) 
proved out of the demonſtration of the 13th Article;ſo(when tl & 
accetcrations are in double proportion td the times) the ſame may 
bo proved by the. demonſtration of - the 14th Art. and by the ſame 
metizod in all other accelerations , whoſe proportions to thetimes-> 
xe explicable in numbers. . . 

151t two ſides which comain an Angle in any Parallelogram,be 
moved inthe ſame tine to the ſides oppoſite-to them; one of them 
vitiz Uniform Motion,the other with Motion Uniformly atcelera- 
ted; char fidewhich is moved Untformly will effe&-as mach with 
ts concourſe-rhrouzh the whole Length tranſmitted ,-as'it would 
dif rhe orber Morton were alfo Uniform, and 'the Length tranſ- 
titted by it in rhe-ſame.rime were a mean proportional berwcen - 
thewhole and the half: 

Letthe fide AB'ot rhe Paralſclogram ABD C (inthe 13th. 
gc underſtoo1 robemoved with Uniform Motion till it be 
comcidene with C D; and ler the: _ of that Motion be AC 

@ or! 
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or BD. Alſoin the ſame time let the fide A C be underſtood to 
be moved with Motion uniformly accelerated, till itbe coincident 
with B D;then dividing A Bin the middle in E,let A F be madea 
mean proportional berw?en A Band A E;and drawing F G patal- 
lel to A C\let the fide A C be underſtood to be moved in the ſame 
time AC with uniform Motion till it be coincident with F G.I ſay 
the whole ABconfers as much to the velocity of the Body placed in 
A when the Motion of AC is uniformly accelerared till ic come to 
B D, as the part A F confers to the ſame when the fide AC is mo. 


ved Uniformly and in the ſame time to F G. y 
For ſeeing A F is a mean proportional between the whole A B & 


it is half AE,BD wil(by the 13th Art.)be the laſt /mpetus acquired 
by AC with motion uniformly accelerated till it come to the ſame 
B D; and conſequently the ſtraight line F B will be the exceſs by 
web the Length tranſmitted by AC with motion uniformly accele- 
rated,will exceed the Length tranſmirred by the ſame AC in the 
. ſamenime with Uniform Motion, and with /mpetws every where e- 
ual to B D, Wherefore if the whole A B be moved Unitormly to 
D in the ſame time in which AC is moved Uniformly to 
F G, the part F B (ſeeing it concurs not at all with the Motion of 
the fide A C which is ſupposed to be moved onely to F G)will c6- 
fer nothing to its motion. Again, ſuppoſing the fide AC to be mo- 
ved to BD with Motion Uniform!y accelerated, the ſide AB with 
its uniform Motion to CD will leſs pur forwards the Body:whenit, 
1s accelerated inall the parallels,then when it is notat all accelera- 
ted;& by how much the greater the acceleration is,by ſo much the 
leſs it will put it forwards (as is ſhewn in the 12th Artic.) When 
therefore AC is in FG with accelerated Motion,the Body will not, 
be in the ſide C Dat the point G, but at the point D; ſo that;G D 
wil be tne exceſs by which the Length tranſmitted with acceleras, 
ted Motion to BD, exceeds the Length tranſmicted with Uniform 
Motion to FG; ſo that the Body by irs acceleration avoids the aft- 
on of the part A F, & comes to the fide CD in the time A C, and 
makes the Length C D,which is equal to the Length AB.Where-, 
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fore Uniform Motion from A B to C D in the time A C works no, | 


more in the whole Length A Bupon the Body- uniformly accelera-, 
ted from ACtoBD , thenif AC were moved in the ſame rime 
with uniform Motion to FG;the difference conſiſting onely in this? 


that when AB works upon the Body uniformly moved from AC tv. 
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F G, that by which the accelerated Motion exceeds the Uniform 
Motion, is altogether in FB, or GD; but when the ſame AB 
works upon the Body accelerated, that by which the accelerated 
Motion exceeds the Uniform Motion, is diſperſed through the 
whole Lengrh A Bor C D, yer ſo that if it were colleQed and pur 
rogether, it would be equal to the ſame FBar GD. Wheretore, 
| hn -_ which contain an angle &c; which was to be demon- 
ate X | 
19 If two tranſmitted Lengths have to their Times any other 
roportion explicable by n » & the ſide A Bbe ſo divided in 
, har AB beto AE inthe ſame poogpnnns which the Lengths 
tranſmitted have to the Times in which they are tranſmitted,and 
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between A Band AE there be taken a mean propertional AF, it 
_— ſhewn by the ſame method, that the fide which is moved 
with Uniform Motion,works as mucif with its concourſe through 
the whole Length A B, as it would do if the other Motion were 
alſo Uniform, and the Length tranſmitted in the ſame Time AC 
were that mean proportional AF. 

- And thus much concerning Motion by concourſe, 
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Crnuae. XVII. 
Of Figures Deficient, * 


1 Definitions of a Defivient Figure ; of a Complete Figure; of the Complement 
of a Deficient Figure; and of Pro,y tions which are Proportional and Com- 
menſurable to one another. 2 The proportion of a Deficient Figure ro its 
Complement, 3 The proportions of Deficiext Figures to the Parallelograms in 
which they are deſcribed, ſet forthin a T able, 4 The Deſcription and Pre- 
Aut ion of the ſame Figures. 5 The drawing of T angents to them, 6 In 
what proportion the [owe Fignres exceed 4 ſtraight lined Triangle of the 
Jame «Altitude andeBaſe, 7 vA Table of Solid Deficient Figures deſcrit e4 
ina (ylinder, $ In what proportion the ſame Figures a 4 Cone of the 
ſame Altitude and Baſe, 9 How a plain Deficient Figure may b: deſcrib:d- 
in a Parallelogram, ſo, that it be roa Triangle of the fame Baſe and Al- 
ritude, as another Deficiem Figure (plain or ſolid) twice taken , is to the 
ſame Deficient Figure together with the Complete Figure in which it #s de+ 
feribed. 10 The wee Reting of certain properties of Deficiemt Figures 
deſcribed in a Parallelgram to the proportions cf the Spaces tranſmitted with 
ſeveral degrees of Velocity, 11 Of Deficient Figures deſeribed in a Circle. 
12 The R_—_ demonſtrated in the 2d, Article, confirm e4 from the E- 
lements of Phileſopby. 13 eAn unuſual way of reaſoning concerning the E- 
quality between the ſuperficies of a portion of a Sphere, and a Circle, 
. 14 Howfrom the deſcriptionof Deficient Figures in a Parallelogram, ary 
member of mean Proportionals may be found ont between: two given ſtraight 
tines, 


a$ Call thoſe Deficient Figures, which may be under- 
ſtood tobe generated by the Unitorm Motion of 
ſome quantity, which decreaſes continually, till 
at laſt it have no magnizude ar all. 

And I call that a Complete Figure , anſwering to a: 


Deficient Figur 


whole magnitude. 


The Complement of a Deficient Figure is that z, which being ad- 


ded to the 


eficient Figure, makes 1t Complete. 


Four Proportions arc ſaid to be Proportional ,, when. the ol 
41,CAN 


e , which is generated with the ſame motion, and 
in the ſame time , by a- Quantity. which retaines alwaycs its: 


{t of 
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them is to the {econd., as the third is to the fourth. For exam. - 
ple, if the firſt proportion be duplicate ro the ſecond, and a- 
gain the third be dugiEar tothe fourth , thoſe Proportions are 
1414 to be Proporticnall, | 

And Commenſuratle Proportionsaxe thoſe , which are to one a- 
nother as number to number. As when to a proportion given, one 
proportion- is duplicate , another triplicate , the duplicate pro- 
portion will be to the triplicate proportion*as 2.to 3; but to the 
given propartion. it will be as 2 to 1 , and thereforel call thoſe 
chree proportions Commenſurable, 7 

2 A Deficient Figure , which is made by: a Quantity continu- 
ally decreaſing to nothing by proportions every where propettio- 
nall and commenſurable, 15 tos Complement , as the propor- 
tion of the whole altitude, to an altirude dimmifhed in any time, 
is to the proportion of the whole Quantity which: deſcribes the 
Figure, to the ſame Quantity diminiſhed 1n the ſame time. 

Let the quantity A B (in the 1 figure) by its motion through 
the altitude A C,deſcribe the Complete Figure A Dy and againe, 
let the ſame quantity , by decreaſing continually to nothing in C, 
deſcribe the Deficient Figure ABEFC, whole Long cment 
will be the Figure BDCFE. Nowlert AB be ſuppoſed ta be 
moved till it lie in G K,ſo that the altitude diminifhed be G C,and 
AB diminiſhed be G E; and let the proportion of the whole alti- 
tude A C to the diminiſhed altitude G C, be (for example)tripli- 
cate to the proportion of the whole-quantiry A Bor G K, to the di- 
miniſhed quantity GE. And in hike manner , let HI be taken c- 
qual tro GE,& let it be diminiſhed toH F; andlet the proportion. of 
C C to HC be triplicate to that of HI roHF; & ler the ſame be 
done in as many parts of the ſtraight line A C as is poſhble; and a 
line be Jenin rang the points B,E,F and ©. I ſay the Deficient 
Figure ABE FC,istoirs Complement BD CE Fas 3 to for as 
'the proportion of A C to G C is to the preportion of A B,that is,of 
GKtoGE. ' | Y 

For (by thETecond Article of the 15. Chap.) the. proporti 
of the complement BE F C D to the deficient figure AB PC. 
15 all the proportions of D B to OE, and of D BeoQ F, and gf all 
the lines parallet ro D Brerminared irthe line BE/FC, toell the 
parallels tro A Brerminated in the ſame points of the line BE _ 


_ 


\ 
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Anlifeeingthe-proportiom of D Bww'O B, and of D Bro QF 8ec- 
aretyery where replianrest 'Tthe ions of -A BOG Eand 
of A Bto'HF Bec. the proportions of HEFtoAB, and of GE to 
AB x. (byrhe 76 Article of che x23 Chap.) are triplicare of the 

ions of QF'to D B, md of OE toD Bcc. and therefore 
the deficient figure ABE F-Cwhich is the-ageregare of all the 
lines HE, G E, AB, &c. 4srripleto the complement B'EF.C D- 
__Y all the lijes QF, OE, D B, 8c. which was w be 

roved, 

: It follows-from hence, That rhe ſame coraplement BEFC D 
is 5 of the whole Parallelogram. And by the ſame 'mechod may 
be calculated inall other Deficient Figures generated asaboye de- 
clared;rhe proportion ot'the Parallelogram ro either of irs parts; 
as tharwhen the parallels encreaſe for-a/point m'the ſame pro- 
portion,theParalſelogramwill be divided into two-<qual Trian- 
gles; when one encreate ts double to the other, itwill be divide& 
into a Semiparabola:and its Complement, or into 2-and 1. 

The ſame conftruion ſending , the ſame concluſion may 0+ 
therwiſe be demonſtrated, thus. 

Let the ſtraight line C Bbe drawn —_— G Kin L,8 through 
L1et'M N be drawn parallel to the ſtraight line A:C, wherefore 
the Parallelograms &'M and L D will be equal.Then let LK te 
divided into three equal parts, ſo that it may be to one of thofe- 
parts in the fame proportion which the proportion of ACro GC er 
of G K'to G L hath tothe proportion of G K to G E.Therefore LK 
will beto one of rhole three parts as the Arithmetical proportion 
berweenGK and G Lis tothe Arithmetical proportion berween: 
GK and the ſame G K want the third part of L K; and KE will 
be ſormwhar greater then a third of L K. Sceing now the altitude 
A Gor M Liisby reaſon of the continual decreaſe, to be ſuppofet 
leſs then any quantity that can be given;LK (whichis intercepted 
berween the Diagonal B C and the fide BD) will be alfo leſs then 
any quantity that can be given ; and conſequently , it G be 
put ſo ncer to- A in g, as that the difference between C g and 
C A be leſs then any quantity that can be affigned , the diffe- 
rence alſo between C/ ( removing L to) and CB, will be 
leſs then any quantity that can be aſſigned ; and the line g / be- 


ing drawn & produced to the line BD in kcutting the crooked line 
in 
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. in e9 the proportion of GktoGl will ſill be criplicateto'the O- 
portion of G & to G e, and the difference between & and e the 
third part of &. will be leſs then any nenty that can be 
given; and thercfore the Parallelogram e D will differ from a 
third part of the Parallelogram A eby a leſs difference then any 
quantity that can be aſſigned. Again, let HI be drawn parallel 
.and equal to ge, cutting-C B in P, the crooked line in F, and BD 
in I, and the proportionpt C g,to C H will be triplicate to the pro- 
portion of H F ro H P,andI F will be greater then the third part 
of PI. But again, ſetting H in h ſo neer to g, as that the difference 
between Chand C g may be bur as a point, the point ÞP will alſo 
4n p be ſo neer tol, as that the difference between C p and Cl will 
be bur as a point; and drawingh p till it meet with g in z, cutting 
the crooked line in and having drawn e oparallel toB D, cutting 
D C in o, the Parallelogram fo will differ leſs from the third part 
of the Parallelogram gf, then by any quantity that can be given, 
And fo it will be in all other Spaces generated in the ſame man- 
ner. Wherefore the differences of the Arithmetical and Geome- 
trical Mcan*, which are but as ſo many points B 'e, f, &c. Cog 
the whole Figure is made up of ſo many indivifible Spaces ) wi 
conſtitute a certain.line, ſuch as is the line BE F C,which will di- 
vide the complete Figure A D into two parts, whereof one,name- 
ly ABEF C,whichT call a Deficient Figure is triple to the c- 
ther, namely BDCEF, whichlI call the Complement thereof. 
And whereas the proportion of the altirudes to one another , is in 
ghis calc everywhere triplicate to that of tle decreaſing quantities 
to one another; inthe tame manner if the proportion of the al- 
titudes had been every where quadruplicate to that of the de- 
crea'ing quantities it mighe have been demonſtrated , that the 
Deficient Figure had been quadruple to its Complement ; and fo 
in any other proportion, VV heretore, a Deficient Figure, which 
is made, &c, Which was to be demonſtrated, © 

The ſame rule Foldeth alſo in the diminution of the Baſes of 
Cylinders, as is demonſtrated Chap. 15. Art. 2. 

2 By this Propoſiton, the maznirudes of all Deficicnt Figures 
(waen the proportions by which their baſcs decrcaſe continually, 
sre proportionall to thole by which their altitudes decreaſe) 

may bc compared with the magnitudes of their arm 
| an 


nitndes of their” 
Foher 
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And they ind to be asT have fer them | 
lowing Tables ; im which I compare a Parallelogram with three” 
ſided Figures; and firſt with a ſtraight lined triangle,made by che 
baſe of the Parallelogram continually decreafing» mn fuch manner; 
that the altitudes be alwayes in rtion. to one another as the 
baſes are, and ſo the triangle _ beequal toirs Complement ; or 
the proportions of the altitudes and baſes wil be as 1 to 1,and then 
the triangle will be half che Parallelogram. Secondly, wirh that 
three-fided Figure which is made by the continual decreaſing of 
the baſes in ſubduplicate proportion to that of the -r Fa. 7 
the Deficient Figure will uble ro its Complement, andgo the 
Parallelogram as 2 to 3. Then , with that, where the proportion 
of the altitudes is triplicate tothatof the baſes; and then the De- 
ficient Figurewill be triplero its Complement , and to the Paral- 

lelogram as 3 to 4. Alſorhe poopepeing of the altitudes to that of 
the baſes maybe as 3 to 2; and then the Deficient Figure will be 
ro.its Complement as zo 2, & to the Parallelogram as'3 to 5;and 
ſo forwards according as more mean proportionals are taken,or as 
the proportions are more multiplyed, as may be ſcen in the tollow- 
ing Table. For C_— if the baſes decreaſe fo, thar the pro- 
portion of the altirudes to that of the baſes be alwayes as 5 to 25 
and it be demanded what proportion the Figure made has to the 
Parallelogram, which is ſuppoſed to be Unity; -then , ſeeing that 
where the proportion is taken five times, there muft be tour 

Mcans, look in the Table amongftthe three-ſfided fignres of four 

Means, and ſecing the proportion was as 5 to 2, look in the upper- 

moſt row for the number 2,and deſcending in the 2d :Columne 
. till you meet with thatthree-ſided Figure,you will finde 4; which 
ſhews that the Deficient Figure isto the Parallelogram as ;to 1, 
oras's to 7, 
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4 Now for the better underſtanding of the- nature of rhefe 
three-ſ{ided figures , I will ſhew how they may be deſcribed by 
points z and firſt, thoſe which are in the firſt column of the Table. 
Any Parallelogram being deſcribed, as ABC D (inthe 24. fi- 
gure,) let the Diagonal B D be drawn ; andthe ſtraight-lined tri- 
angle B C D will be half the Parallelogramy Then let any number 
of lines, as E F,be drawn parallel tothe SideB C, and cutting the 
Diagonal B D in G; & let it be every whereas E F to E G, fo EG. - 
to another E H; and through all the points H letche line BHH D 
be drawn; and the Figure BHHD C will be that which Icalla 
Three-ſided Figure of one Mean,becauſe in three proportionals,as 
E F,E GandE H, there is but one Mean, namely, E G ; and this 
three-ſided figure will be of the Parallelogram, and is called a 
Parabola, Again, letitbe as E GtoE H,ſoE H to another E I,and 
let the line BIID be drawn , making the three-fided figure 
RIID CS: this will be} of the Parallelegram, and is by many 
called a Cubique Parabola, In like manner, if the proportions be fur. 
ther continued inE F, there will be made the reſt of the _ 
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ſided figures of the firſt Column; which I thus demonſtrate, Let 
| there be drawn ſtraight lines, as HKandG L parallel tothe baſe 
D C. Secing therefore the proportion of E F ro E H is duplicate 
ofthatof EFtoE G,or of BC toBL, thatis, of CDtoL G, or 
of KM (producing KHto ADinM) to KH, the proportion of 
BC toB K will be duplicate to that of KM to KH; butas BC 
is to BK, fois DC,or KMrto KN; and therefore the proportt- 
on of KM to K N is duplicate to that of KM to K H; and fo it will 
be whereſoever the parallel K M be placed. Wherefore the Figure 
BHHDC is double to its Complement BH H D A, and conſe- 
quently 3 of the whole Parallelogram. In the ſame manner if 
through I,be drawn O P1Q parallel and equal to C D, it may be 
demonſtrated that the proportionof O Qto O P, that is,of B C to 
B O, is triplicate to that of O Qto O 1, and therefore that the Fi- 
gureBII D Cis triple toits Complement BIID A, and conſe- 
quently 5 of the —_ Parallelogram, &c, 

Secondly,{uch three-ſided figures as are in any of the tranſverſe 
rowes, may be thus deſcrized. Ler ABCD (inthe 3d. Figure) 
be a Parallelogram , wi:oſe Diazonal is B D. I wonld deſcribe 
in it ſuch « as in the preceding Tab'e I call Three-fided 
Figures of three Means. Para!i-l to D C, Idraw EF as often 
as 15 neceſſary, cutting B D in G; and betweenE F andE G I take 
three proportionals E H, E I and E K. If now there be drawn lines 
throughall the points H, I & K ; that through all the points H will 
make the figure BH D C, which is the vr of thoſe three-ſided 
figures; and that through all the points I, will make the figure 
BID C, which is the ſecond and that which'is drawn through 
all the points K, will make the figure BK D C the third of thoſc 
three-{ided figures. The firſt of theſe ( ſeeing the proportionof 
E Fto E Cis quadruplicate of that of E F to EH) will be to 1ts 
Complement as 4 to 1,and to the Parallelogram as 4 to 5. The ſe- 
cond (ſeeing the proportion of E F toE G 1s to that of E F to EI 
as 4 to 2) will be ouble to its Complement, and tor ; of the 
Parallelogram. The third (ſceing the proportion of E F roE G is 
tothatof EFtoEKas 4to 3) will be to 11s Complement as 4 to 
3-and to the Parallelogram as 4 to 7. 

Any of theſe, figures being deſcribed , may be produced at 
pleaſure, thus, Let ABC D(in the 4th figure)be a Parallelogram, 
and in it let the figure BKD C bedeſcribed, namely, the third 
three-ſided figure of three Means. Let B D be produced indehi- 
nitely to E, and let E F be made pang n the baſe D C, _—_ | 
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'A D produced'in Gz and BC produced m F ; .andin GE Jerthe 
point H beſotaken , that the proportion of FE to FG may be 
quadruplicate to that of FE to F H (which may be done b rs 
king F H the greateſt of three JE berween FE and 
F G);the crooked line B KD produced,will paſs through the point 
H. For if the ſtraight line BH be drawn, curting C D inI, and 
H L be drawn parallel to G D, and meeting C D producedinL ; 
icwillbeasF EcoFG, foCL toCI!; that is, in quadruplicate 
proportion to that of FE to FH,or of CD to CI, Wherefore 
' tf the line BK D be produced according to its generation, it will 
fall upon, the point H.. by 

5 Aftraight line may be drawn ſo,as to touch the crooked line 
of the ſaid figure in any point, in this manner. Let it be oem. to 
draw a Tangent to the line BK D H(in the 4th figure) in the point 
D. Let the points B and D be conneted , and drawing DA 
equal and parallel ro BC), let B and Abe conneed; and be- 
cauſe this figure is by conſtruftion the third of three Means, let 
there be taken in A B three points, ſo, that by chem the fame AB 
be divided into four equal parts ; of which take three , namely, 
A M, forhat ABmaybeto AM, as the fignre BKDC is to its 
Complement. I ſay the ſtraight line M D, will touch the figure in 
the point given D. For let there be drawn any where berween A B 
and DC a parallel, as RQ, cutting the —_— line BD, the 
crooked line BD, the ſtraight line MD, and the ſtraight line 
AD in the pointsP, K, OandQ. RK will therefore (by con- 
ſtruction ) be the leaſt of three Means in Geometrical propor- 
tion between R Q and R P. Wherefore (by the CoroP. of the 28th 
Article of the 13th Chapter) R K will be leſs then R O;and there- 
fore M D will fall without the figure. Now if M D be produced 
toN, FN willbe the leaſt of three Means in Arithmetical pro- 
porticn between FE and F G;and F H will be the greateſt of three 
Means in Geometrical proportion between the ſame F E and F G. 

Wherefore (by.the ſame Coroll, of the 28 Avtsc. of the 13th Chap. 
F H will be leſs then F N, and therefore D N will fall wichout ky 
tigure , and the ſtraight line MN will touch the ſame figure one- 
ly inthe point D, T0 | | 

6 The proportion of a- Deficient Figure to its Complement 
being known , it may alſo be known what proportion a roghs 
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lined = = tothe exceſy of the Deficient Figure above th&-. 
a roy, e;zand theſe pyo rtiopsI have ſer down in the follow= + 

ng Table ; where if y ou ſeek (for example) how much thetourch 
three-ſided figure of on Means exceeds a _—_ of the ſame al- 
titudeand baley ou will find in the concourſe of the fonrth column 
with the three fded figuyes of five Means, 3-3 by which is figni- 
fied,that thatthree-ſided 77 ure exceeds thetriangle by two.tenrhs,. 
or by one fifth part of the ſame triangle. 
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The Triangle, , , 4 444 + + 11 | | | | 
_ | , Þ- | Tz if 
ſa Three-lideq figuroof ane Mean OY | 
, : A | - | ; | 
a Throe-fides figure of 2 Means vw” * 1 | 
| | XTEHH £1 | __ 
vs | a Three-ſideq figure of 3 Means 7 E 7 
F [alin] 1 
|» -125,5060 blind 6 |7 A = | 
Ro BEES EI ALH 
a Three-ſiged figuze of 5 Meany: o 8 S Þe-: [ I: | 
6:1 3.L 473. 3+ I 
a Three-fided 6gure of 6 Mcans TY ry - _ | = | 7 
741 6120 2 | x | 
a Three-ſ(ided figure of 7 Mcans - -_ | _- |; _ | 79 _- | 


; In the next Table are fet down the proportion of a.Cone, and' 
,the Solidsof the faid three-fided figures, namely, che proportions 
berween them and a Cylinder, As tor examplean the concaurſe of- . 
the ſecond Column with the three-ſided figures of four Means,. 
ou have £; which gl ives you to underſtand, that the Solid of the 
Gol three-ſided urs of four Means is to the Cylinder as £5 to 
I,zOraSFto 9 | 
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he Opie « nopann>ne | | " | | 
A Cone 24 $03ug e054 0* 00102023000 = 

<4 $1 
| 2 
a Three-fided figure of one Mcan ” 
[3 [3 
a Three-fided figure of 2 Means 7 x . 
ded owe of 3 Means | | + | = 
_ ed figure of 3 6 |'8$ | 10: | 
2 TDA 
& 5 6 Thee-Giled Ggnpae? inns 7 '9 | 1x | 13 | 
E 6 | 6 | 6| 6 Ll 
a Three-ſided figure of 5 Means I'S [oo | as iq | T7 
17 121 ZI ZEST L. 
| * Three-fided 6gure of 6 Means : | rx | 23 |i5 | t7 
| 8$| 8] 8] 8] 8] 88} 
a Three-ſided figure of 75 Means = | 4 | > | 7% mIKIp _ 43 


: Laſtly , the Exceſs of the Solids of the ſaid "—= lided fi- 
gures, above a Cone of the ſame altitude and baſe, are ſet down in 
the Table which follows Ds; ns LH 2 EI M 


TheCunbe do en becwlny | | | 


c 
Of the Solid of a three-fi- 
ded figure of one Mean 


_ ] Of the Solid of athree-fi-] x2 5} 6 
» /.. dedfigureof 2 Means | — | 7 


"The Excel Of the Solid of a three-ſi- 18 | 12 6 p 
ſes of the ' ded figure of Z Means 18 24 | 30 
Solids of mmm C——_ 
theſe three-& Of rhe Solid of a three-ſi- 24 ; 18 | x21: 6 | 
fided "x ded bgure of 4 Mcans _ 271.55 79 
a— = | . 1,009 33 = | L 
C nc Of the S'lid of a three-fi-] 20 24 | 18 | 12 6 
ded figure of 5 Means | = | © | — — = 
24 [30 | 36 | 42 | 48 
Of the Solid of a three-fi-| 26 | 20 [5 | 18 a7” « 
ded hgurc of 6 Mcars F dg B, ff 2 
27 133 | 29 | 45 | 5I | 57 
Of the Sol'd of a three-ſ-l7,, | - ER 
ded hpur & 7Neans | « | 0 15 | bk. | _6 
L :0 | 26 ] 421 48 ' 54 | 60 | 66 
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9 If any of theſe Deficient Figures, of which I have now ſpo- 
ken, as ABC D (in the 5th figure) be inſcribed within the Com- 


lete figure BE, having AD CE tor its Complement ; and:zhere 


made upon C B produced,the triangle A BI; and the Parallelo- 
am A BI Kbecompleted; and there be drawn parallel to the 
Rraight line CI, any number of lines as M F, cutting every one of 
them the crooked line of the Deficient Figure in D, and the 
ſtraight lines A C, ABang AI in H,G and L; and as GF isto 
G D, ſo G Lbe made to another G N; and through all the points 
N there be drawn the line A N I, there will bea Deficient Figure 
ANI B, whoſe Complement will be ANIK.I lay the figure 
ANIB isto the triangle A BI, as the Deficient Figure A BCD 
twice taken, is to the ſame Deficient Figure together with the 
Complete figure BE. 
For as the preportion of A Bto A G,that is, of GM to GL, is 
to the proportion of GM toGN zo is the magnitude of the fi- 
e ANIB,tothat of its Complement ANIK (by the ad. Art. 
of this Chapter.) | 
But (by the ſame Article) , As the preportion of A B to A G, 


that is, of G M to G Lz is to the proportion of GF to G D, that 15, 


(by conſtruction) of G LtoGN) fois the figure ABCD toits 
Complement AD CE. 

And by -Compoſition , As the proportion of G M to GL, 
together with that of GLtoG N,is to the proportion of GM 
to GL , ſois the complete figure BE, to the Deficient Figure 
ABCD. | 

And by Converſion, As the proportion of G M to G.Lzis to both 
the proportions of GM toG Landof G L roG N,, that 15, to the 
proportion of G M to G N (which is the proportion. compounded 
of _— ſo is the Deficient Figure A B & D,.tathe complete Fi- 
gureBE. * | 

But 1t was, As the proportion of G M to G Lz tothat of G Mo 
GN; ſothe figure ANIB toits Complement ANIK. And 
therefore, ABC D. BE :: ANIB. ANI K are proportio- 


nals. And by Compoſition, ABC D-+BE.A BC D::BK.ANIB 
are proportionals, 


And; 
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| "ARIvy WHAITEL BE DABE.2ABCD::BKR:3ANIBarc © 
CT Me ABCD4BEABCD: AN ANI 
Andby taking the halfe Habana rout) ton 
of the third &-the fourth nd | 

19 From what has been faid of Deftcient Figares defcribed im 
a Paralle!ogram z may be found out whar proportions Spaces 
tranfmitted with accelerated Motion-in derermined rimes,havero 
the times themſelves, according as the moved Body is accelerated 
in the ſeveral times with otte or more degrees of Velociry, 

For, let the Patallelogram ABC D (inthe 6th figure) -and in 
irthe chree-ſided figure D'E BC be deſcribed; and let FG be 
drawn arty where parallel 'torhebaſe;corting the Diaggnal BD.in 
H, and the crooked line BE D in E;& let the proportion of 'B'C to 
BF be(for example)triplicate tothat of F G ro F Ezwhereupon the 
figure DE B C will be triple ro'its Complement BE D A; and in 
tr areas I Þ being drawn parallel ro B'C, the rthree-ſidedfi- 
gure EK BF willbetriple to irs Complement BKE I. Where- 

ore, the parts of the Deficient Figure curoff fromthe Vertex by 
ſtraight lines parallel to the baſe, namely DEBC and EKBF, 
will be to one another as the Parallelograms A C and I F; 
thatis, in proportion compounded of the proportions of the alti- 
tudes and baſes. Seeing therefore the proportion of the altitude 
BC to the altirude BF 1s triplicate to the as amy of the baſe 
D C to the baſe F E,the figure DE B C ro the figure EKBF will 
be quadruplicate to the proportion of the ſame DC to F E. And by 
the ſame method 5 may be found out, what proportion any of the 
ſaid'three-ſided figures, has to = artof rhe ſame cut off from 
the Vertex by a ſtraight line parallel to the baſe, 

Now astheſaid figures are underſtood robe deſfribed hy the 
continual decreaſing of the baſe, as of C D (forexample) till ir 
cndina point, as in B; ſo alfo they may be underſtood to be Je- 
ſcribed by the continual encreaſing of a point;as of Bytill it acquire 
any magnirude, ts tharof C D. of - 

Suppoſe how the'figureB Þ D C'to be deſcribed by the encrea- 
ſing of the point B to the magnitude C D. Seeing therefore the 


prepor ion of BC toB Fis triplicate to that of C D te FE, the 
| pro- 


arcalfo proporrionats;which was tobe 
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proportion of F E to C D will by Converficn (as I ſhall preſently 
demonſtrate) be triplicate to that BF ro BC.Wheretore, if the 
ſtraight line B C be taken for the meaſure of rhe time in which 
the point Bis moved, the Figure EKB F will repreſent the Sum 
of all the encreafing Veloeities in the time BF, and the figure 
DEBC will in like manner repreſent rhe Summe of all the 
encreaſing Velociries inthe time BC. Seeing therctore the pro- 
portion of the figureE K BF to the figure D E B C, is compound- 
ed of the proportions of alcirude to altitude, and baſe to bel and 
{ecing rhe-proportion of F E to C D 1s triplicate to that of BF to 
BC ; the proportion of the figure E K B F to the figure DE BC, 
will be quadruplicate to that of BF to BC;tharis,the proportion of 
the Sum of the Veloaities in the time BF,to the Sum of the Veloci- 
ries in the time BC wil be quadruplicate to the proportion cf BF to 
BC.Whertore if a Body be moved from B with Velocity ſo encrea- 
ſing, that the Velocity acquired in the time BF, be to the Velocity 
acquired in the time BC in triplicate proportion to that of the 
times themſelves B F to B C,and the Body Chcamtnd to F inthe 
time BF, theſame Body in the time B C will be carried through 
a line equal to the fifth proportional from BF in the continual 
proportion of BF roB C, And bythe ſame manner of working, 
we may determinc, what Spaces are tranimitted by Velocitics en- 
crealing according to any other proportions, 

It remains, that I demonſtrate rhe proportion of F E to C D, 
to be triplicate to thatof BF to BC. Seeing therefore the pro- 
portion of C D, that is of FGro FE is ſubtriplicate to that 
of BC toBF; the proportion of F G to FE will alſo be ſubtri- 
plicate to that of F G to F H. Wherefore the proportion of F G 
to FH is triplicate to that of F G, that is, of C D to FE. Bur in 
four continual proportionals, of which the leaſt is the firſt,;ehe pro- 
portion of the fn to the fourth (by the 16 Art. of the 13 Chap.) is 
ſubtriplicace to the proportion of the third ro the ſame fourh. 
Wherefore the proportion of FH toG F is ſubtriplicate to that 
of FEroCD ; and therefore the proportion of FE to CD is 
triplicate to that of FH to F G, that is, of B F to B C, which 
was to be proved. | 

It may ' wn hence be colleted, that when the Velocity of a 

C C Body, 
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Body, is-encreaſed.inthe ſame proportion with-that .of rhe 
the degrees of Velocity above one anocher procced.as numbers Yo 
in immediate ſuccefſion fromUnny, namely, as 1,2,3,4, &c, And 
when the Velocity is encrealed tn:/proportion duplicate to that of 
the times, the degrees | => ra numbers from Unity Skipping 
Oae, as'1, 2, 557,&c. Laſtly, when the proportions of the Velog1- 
ries are triplicate to thoſe of the times , the progreſſion of the de- 
greesis as that of numbers from Unity skipping Two in every 
place, as 1, 45 7, 1C, &c. and ſo of other propertions. For Geome- 
trical proportionals, when they arc taken in every point , are the 
ſame with Arichmetical proportionals. | 
11 Moreover, it is tobe nored., that as in quantities which are 
made by any magnitudes decrea{ing,the proportions of the figures 
to one another , areas the proportions of the altitudes to thoſe of 
the baſes ; ſo:gllo ic is in thole which are made with-motion de- 
creaſing, which motion is nothing clſe but that power by which 
the deſcribed figuresare greater or leſs. And therefore-in the de- 
{cription of Archimedes his Spiral , which is doneby the continual 
diminution of the Semidiameter ofa Circle inthe ſame proporti- 
on in which the Circumference is diminiſhed,the Space which is 
contained within the Semidiameter and the Spiral Linezis-a third 
part of the whole-Circle. For the Semidiamerers of Circles, in 
as much as Circles are underſtood tro be made up of the aggre- 
gate of them, are ſo many Sc&ors ; and therefore in the deſcripti- 
on of a Spiral, the Seor which deſcribes ir, is diminiſhed in du- 


- 
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plicate proportions to the diminutions of the Circumference of 


the Circle in which it is inſcribed; ſo thar the Complement of the 
Spiral (thar is, that ſpace in the Circle which is without the Spi- 
ral Line,)is double to the ſpace within the Spiral Line.In the ſame 
manner , if rhcre be taken a mean PRR—_—_— every where bc- 
tween the Semidiameter of the Circle which contains the Spiral, 
and that part of the Semidiameter which is within the ſame,there 
will be made another figure,which will be half rhe Circle. And to 
concinde, this Rule ſ{crves for all ſuch Spaces as may be deſcribed 
by a Line or Superficics decreaſing either in magnitude or 
power; ſo that if the proportions in which they decreaſe, be com- 


menſurable to the proportions of the times in which they de- 
creaſe, 
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citale, che magnitudes of rhe figures they deſcribe will be known, 

x2 The' of thar tion. which Ldemon{rated'in the 
ſecond Avtecle. (which: js the foundation. of. all. that has been ſaid 
concerning; Deficient Figuzes)may be derived-from the Element 
of Philefophy,as having i@drigioal in this, That of equality and 532- 
equal ttybetween two effefls, (that i,,all Proportcen!) proceeds- from., and is 
determmued by the equal and unequal cauſes of thefe » Or from the pre- 
portrowwhich the cauſes conturring to 016 effeti,haue to the caſes which con- 
curre tothe producing of the other effett; and.thart therefore tl.c propor- 
tions of QuatitieSare the ſame with the proportions of their cau- 
ſes. Seeing thereforerwo Deficient. Figures. (.of which one is the 
Complementof the other) are made, one by motion deercaling 
ing certain time and proportion,the other by rhe loſs of Morion in 
the ſame time , the cauſes which make and.determine the quantt- 
ciesof both the figures, ſo,that they can be no other then they are, 
differ oncly in chis ,.that the proportions by which the quanciry 
whichgenerates the figure proceeds in deſcribing of the ſame, 
(that is, the wy wg of the remainders of all the times and 
altitudes ); may: be other proportions then thoſe by which the 
ſame- generating quantity decreaſes: in- making the Comple- 
ment of that Figure , (that is, the proportions of the quantity 
whick- generates the Figure' continually diminiſhed.) Where- 
fore , as thc proportions of the quantity. in which Motion is 
loits is to that of the decreaſing qr antities by which ther Deficient 
Figure is generated , ſo-will the Defect or Complemenr'be to the 
Figure ir {elf which is generated. 

I3 There are alſo-other quantities whichare determinable from 
the knowledge of their cauſes, namely , from rhe compariſon of 
the Motions-by which thiey are made, and that more eaſily then 
from the common Elements of Geometry. For example,That the 
Superficies of- any portion of a Sphere,.is equal to rhat Circlc, 
whoſe Radius is a-ftraight Line drawn-from the Pole of the porti- 
entothe'Circumference of irs baſc , I may demonſtrate in this 
manner. .LerB AC (inthe 7Figure ) be a portion of a Sphere, 
whoſe Axis is A E,8 whoſe baſe is B C; & let A'Bbe the ſtraight 
line drawn fromthe Pole Ato the baſe in B; and let AD, equal to 
A Bztouchthegrear Circle BA C inthe Pole A, It is to be jen 
Cc3 that 
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that the Circle made -d the Radius A D,is equal to the Superft- 
cies of the portionB A C. Letthe plain AE B D beunderſtood to 
make a revolution abour the Axis AE; & ir is manifeſt thar bythe 
ſtraight line A Da Circle will be we ny by rne arch A B 
rae Superficics of a portion of a Spher@and laſtly, by the Subtenſe 
A 6 the Superficies of a right Cone, Now ſeeing borh tne ſtraighe 
tine A B,and the arch A B make one an1 the ſame revolution, and 
both of them have the ſame exrreme points Aand B, the cauſe 
why the the Spacrical —_— waich 15 made by thearch, is 
greater then rhe Conicat Superficies which 15 made by the Sub- 
renſe, is, that A B the arch, is grea:cr then AB the Subtenſe ; and 
the cauſe why it is greater contiſts in this , that 2[though they be 
both drawn from A to B, yet tac Subrenle is drawn ſtraight, bur 
the arch angularly,namely according to that angle which the arch 
makes with the Subrenſe, which angle is equal to the angle D A B 
(for an angle of contingence adds nothing to an angle of a Seg- 
ment,as has bcen ſhewn in the 14 Chapter at the 16th Article) 
Wherefore the magnitude of the angle D AB 15 the cauſe why 
the Supcrficics of the portion deſcribed by the arch A Byis greater 
then the Superficies of the rizht Cone deſcribed by the Subrenſe 
_- he 
Again,the cauſe why the Circle deſcribed by the Tangent A D 
is greater then the Superficics of the right Cone deſcribed by the 
Subtenſe A B (notwitſtanding rhat the Tangent and the Subtenſe 
are equal,and both moved round in the ſame rime)is this;thar AD 
ſtands at right angles tothe Axis, but A Bobliquely ; which oblt- 
quiry conſiſts in the ſame angle D AB. Secing therefore the quan- 
tity of the angle DAB is that which makes the excels both of the 
Superficics of the Portion, and of the Circle made by the Radius 
AD,above the fuperficies of the Right Cone deſcribed by the ſub- 
tenſe A B; it follows, that both the Superficies of the Portion, and 
that of the Circle, do equally exceed the: Superficies of the Cone. 
VVhercfore, the Circle made by A D, or AB, and the Sphcrical 
Superficies made by rhe arch A B,are equal to one another;which 
was to be proved. 
: 4 It cheſe Deficient Figures which Fhave deſcribed in a Pa- 
- 192ram, were capable of exatt deſcription, then any number 
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of mean proportſonals might be found out between two ſtraigh® 
lines given. For example, in the Parallelogram AB C D, (inthe 
8th. Figure) let the three-ſided figure of twe Means be deſcribed, 
(which many call a Cubzcal Parabola); and letR and $ be two given 
ſtraight lines; berween which , it it be —_— to find two mean 
proportionals, it may be done thus. Let it beas RtoS,fo BC to 
BF; and let F E bedrawn parallel to B A, and cut the crooked 
lineinE; then through ler G H be drawn parallel and equal to 
the ſtraight line A D, and cutthe Diagonal BD in 1; for thus we 
have Gl the greateſt of two Means between G H and G E,as ap- 
pcars by the deſcription of the figure in the gth Article, Where- 
_ if itbeas GH to GlI,1o R toanother line T, that T will be 
the greateſt of two Means between R and $. And therefore if it be 
again asR to T, ſo T to another line X, that will be done which 
was required, 

In the ſame manner, four mean Ly may be found 
out, by the deſcription of a three-{ided figure of four Means ; and 
ſo, any other number of Means, &c. 
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Cuae. X VIII 4. 
Of the Equation of Straight Linerwinb the. 


——_—_——— 


$7773 


7 


Crooked Linesof Parabolas and ather 
Figures made iu imitation of 
Parabalas. 
x To finda fraight Lin to he crocked Lyne '4S #6 abols, 23 To 
: —_ ks Line _— -— Crodhed Line fs rf $ =o fy 


feer, or to the Craked Lyne of ny other of the Deficient Fignrezof the Ta- 
ble of the 34. Anticle of the preaeders Chepter., _ 


—-2 


Are A. Paratols bing -given ,.to find 2 Straight 
LY ANGFAE Linc "4 roche Crooked Line of the Semi- 


a. 

6 Pp. the Parabolical Line given be ABC 

ANZ (inthefirſt Figure), and the Diameter found 

T6) \- be AD, andgbebaſedrawnD C, and thePa- 

SP PYA2. rallclogram AD CE being completed ,. draw 

the ſtraight Line A C. Then dividing A:D into two cqual parts in 

F, draw F H equal and parallel roD Ccurting ACinK , and the 

parabolical line in-O z and. berween FH and FO take. a mean 

proportional F P,and draw A O, AP and P C. I lay that therwo 

Lines APand PC taken together as one Line, is equal tothe pa- 
rabolical line A BOC. 

For the line A BO'C being a paraboelical line , is generated by 
the concourſe of two Mations ,,one Uniform from A to E , the o- 
ther in the ſame time unifarmly accelerated from reſt .in A to 
D. And becauſe the motion from AtoE is uniform, AF may -re- 
preſent the times of borh thoſe motions frem the beginging ro che 


end, Let therefore AE be the time ; and conſequently rhe lines 
or 
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-ordinately applyed in the Semiparabola, will defigne the parts of 
time wherein the Body that delcribeth the line ABOC is in eve- 
ry point of the ſame ſo that as at the end of the time AE os D C 
itis in C, ſo at theendof rherime F Q ir will be in O.And becauſe 
the Velocity in AD is encreaſed uniformly , that is, in the ſame 

oportionwirh the time; the ſame lines ordinggely applyed in the 
$i > will deſigne alſo the continual augmentartons of the 
Impetu, till it be at the greateſt, deſigned by the baſe D C. There- 
fore ſuppoſing Uniform.motion in the line AF, in the time F K 
the Body in A by the-concourſe of the ewo unitormmorions in A F 
and F K will be moved upifcrmly in the line AK; and K O wil be 
the encreale of the /mpefusi or Swifincſs gaincd in the time FK;, 
and the line A O will 'be uniformly deſcribed by the concourſe of 
the two uniform motions in A Fand F O in the time F O. From O 
draw OL parallel ro EC,cutting AC in Lz8& draw LN parallel to 
D C, cutting E C in N,and the parabolical line in M;and produce 
it on the other ſide to A Din I; and I N,I M andI Lwill be (by the 
conſtruction of a Parabola)in continual proportion ,& equal to the 
three lines FH,F Þ and F O; and a ftratghr line parallel tro E C 
paſſing through M will fallonP ; and therefore O P will be the 
encreaſe of 1mpetns gained in the time F O or L. Laſtly, produce 
PMtoC DinQ ; and Q C, or M N,or P H will be the encreaſe 
of Impetus proportional tothe time FP;orIM, or D Q, Suppoſe 
now uniform motion from H ro C inthe time P H. Secing there- 
fore in the time F P with uniform motion and the mpetws encrea- 
{cd in'proportion to the times, is deſcribed the ſtraight line A P; 
and in the reſt of the time and /mpetws, namely P H, is deſcribed 
the line C P uniformly ; it followeth that the whole line APC 1s 
deſcribed with the « £%o Impetis, and in the ſame time where- 
with is deſcribed rhe parabolicall line AB C, and therefore the 
line AP C,made of the two ſtraight lines AP and PC, is equal - 
to the parabolical line A B C; which was to be proved, 

2 To find a Straight line equal to the Crooked line of the firſt 
Semiparabolaſter. ' | | 

Let A BC bethe Crooked line of the firſt Semiparabolaſter ; 
ADthe Diameter; DC theBaſe; and let the Parallclogram 
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—_—_— AD'C#E. , whoſe Dia is A C. Divide 
the Diameter into two equal parts /in'F, and draw F H 
and parallel ro DC , gurting AvC in K jiche Crooked 
inO, and E C in Hs: Ther draw OL .parallel "to E'Q, 
cutting AC in; and draw L'N\parallet»co the baſe 
D C , cutting the Crooked line in M-, 'and the ſtraitthe line 
'ECinN; and produce iron the other fidero. AD un]. 'Laftl 
through che pognt Mdraw. P M Q paralleb and equal ro' H ©, 
catting F H. in 'P-4; and.joyn CP, .AP and AO. faycthetwo 
Straight lines AP and;/PC arc equal ro the Crooked lineA'B OC. 
For the line A B O C being the Crooked line of rhe firſt Semi- 
parabolaſter , is generated by the concourſe of rwo Motions , one 
uniform from A to E,the other jn the ſame rime accelerated from 
reſt in A to D, ſo as that the mpetus encreaſeth in proportion per- 
petually iriplicate to that of the encreaſeÞ$f the time, ar (which is 
all one) the lengths cranfmirted are in proportion triplicate cothar 
of the times of their tranſmiſhon; for as the Impetws or Quickneſles 
encreaſe, fo the Lengths tranſautted encreaſe alſo, And becauſe 
the motion from Ato E is uniform, the line AE may ſerve to re- 
preſent the time, and conſequently the lines ordinately drawn in 
the Semiparabolaſter , will deſigne the parts of time whereinthe 
Body beginning from reſt inA, deſcribeth by its motion tne Crook- 
edline ABOC. And becauſe D C which repreſenes.the greateſt 
acquired Impetus is equal to AE , the ſame ordinate lines will 
repreſent the ſeveral augmentations of the [mpetwencreafing from 
reſt gn A, Therefore ſuppoſing uniform Motion from Arto Fin 
the time F K, there will] be deſcribed by the concourſe of the two 
uniform Motions AF and F K the line A K uniformly, and KO 
will be the encreaſe of Impetw in the time F K z And by 
- the c:ncourſe of the two: uniform Motions in A F and F ©, 
will be deſcribed the line A O- uniformly. Through the point L 
draw the ſtraight line LM N oarallel ro D C,curting the ſtraight 
line AD inI, the crooked line ABC inM, and the ſtraight line 
E C in N; and throhgh the point M the ſtraight line P M Q paral 
Icl and equal to H C, cutting DC in Q,andF HinP. By the con- 
courſe therefore of the two_ uniform Motions in A F and FP 
in the time FP. will be uniformly deſcribed the ſtraight line 
AP; and L M or O Þ will be the cncreaſe of /mpetw to be 
added for the time F O, And decal the proportion of I N 
| D ro 
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Portion riplicdte to the propot- 
timof FHio F-P, and the p al 11petiv ga in the 
time FP is Þ H. $6 that F H being tqualtd Þ © which de- 


figried the whole impats. acquired by the kcteleraron , rhtre 
is ho more encreaſe of J7mperni to be computed. Now in the 
time Þ H ſuppoſe anuniform motion from H to C ; and by the - 
two uniform motions in C H and H P will be deſcribed uni- 
formly rhe Straiphr line P C.. Seeing therefore the two Straight 
tne APand Þ Cart deſcribed in the time AE with the ſame 
encreaſe of Impetw whetewith che Crooked line AB C is deſcri- 
bed in the ſame time AE, that is, ſecing rhe Line APC andthe 
Line ABC are tranſmirred by the ſame Bedy-in the ſarne Time, & 
with-equai Vchocities, the Lines rhemſelves are equal; which was 
to be demonſtrated. | | 

By the fame;method, if any of rhe Semiparabolaſters in the 
Table of the 3d Article of the precedent Chapter be exhibi- 
red; may be found a Straight line equal to the Crooked line there- 
of, namely, by dividing the Diameter intorwo equal parts, and 
proceeding as before, Yet no man hirherro harh compared any 
Crooked with any Straight Line , though many Geomerricians of 
every Age have endeavoured ir. But the caufe why they have not 
done it may be this, that there being in Evclide tio Definition of E- 
quality, nor any mark by which to judge of it beſides Congruity 
Gwhich is the $th. Axzome of the firſt Book ef his Elements) a 
thing of no uſeat all in the comparing of Straight and: Crooked ; 
and others after Eucl;de(except Archimedes and Apollorrw,and in our 
time Bea.e-tura)thinking the induſtry of the Ancients had reach- 
ed to all that was tobe done in Geometry , theughtalſo,. rhart all. 
that cenld be propounded , was either tobe dednced from what 
they had written , or elſe that it was not at all tobe done. Itwas 
t!.cretore diputed by ſome of thoſe Ancients thetnſelves,whether: 
there mizht be any Equality at all between Crookedand Straight: 
Lines ; Which queſtion: Archimedes (who affumed that ſome 


Straight line'was equal to the Circumferenceof a Circle ) feems 
to have deſpiſed, as he had reaſon, And there is a late Wri- 
ter that granteth that between a Straight and a Crooked Line 
there is Equality; butnow, now ſayes he , {ince the fall of Adam, 
without the ſpecial affiftance of Divine Grace, it is not to be. 
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Cane. XIX, A 
Of Angles of Incidence and Reflefion, - 
Equal by ſuppoſition. © | 


1 If two ſtraight lines fallin wpeeyerorivr ftreight line be parallel, the Jines 

Fab open ceeber fra Tom, rhe nr weft 

one point, fan & ppt lime, the lines Y 

ra yrm ts abertiv wi wi | . le 

the _ f —_ 3 If two Error ra lines dr 

ſttely but ) fromthe [ame parts, fall upon the Circumference of 4 Circle 

the lines refiefied from they , if produced ty Meet within gi Sodr wil 
by two Slraight lines drawn 

from the (emer to the points of Incidence. 4 4 ty reight lines @; 

upon the Cirenefo endhe 
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make an angle equal te twice that angle which s ngade by two flrarg bet 1 f 
ber with the 

elves make. 5 If two ftraig ht Tines dr awn fro 
one point fall wpon the concave Circ umference of 8 Cycle, and the angle they 
make be leſs then twice the angle is the (emer , ha lines reflelte# fow thens, 
and meeting within the Circle, will maks an angle which being 4dded to;the 
angle of t 8 incident lines, will be equa} to twice the angle a the,C enter. 
6 If through any one pojut two unequal C hords be dr awy caring ave 4n9- 
ther, and rhe (enter of rhe Circle be not placed between os. pic fo lines 
refletted from them con:urre whereſogver , there canmet french the point 
through which the two former lines were drawn, be drawn any other ftr 

line , whoſe refie Fed line ſhall paſt through the common point of the two 

meer Jines refietted. 77 In equal Chords the ſame is not true, 8 Two 
paints being gzves ts the (rouneferencs of 4 Circle ,.19 draw two ſtraight 
Lines to them , ſo as that their reflpht ed lines may enmain 60) angle given. 
g If « Jnages line falling upon the Circumference of 4 Circle be produced 
tl is reach the Semidiamyter , aud that pars of, it mhich # intercepted be- 
rween the Circumference and the Semidiameter, be equal to that pars of xhe 
Semidiameter which « between rhe point of canconrſe &the center the refle- 
Hed line will be par hel to the $ emidiamerer, 10 If from a peim _—_ 
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'* Circle, two ſtraight lines be drawn to the Circumference, and their refleted 


" Times meer in the (ircumference of tht ſame Circle , the angle made by the 
; refle&ed lines, will b: a third part of the angle made by th: incident lines, 


Da Y%EHether a Body, falling upan the ſuperficies of another 
A 'N | W- :Body and bein reflected he in do make equal 
OWAVS angles at thar fuperficies,'ir belongs nor ro this place 

WOE rodiſputc, being a Reach depends upon 

ap the natural cauſes of RefleCtion ;. of which hither- 
to nothing. has becn ſaid, but ſnall be ſpoken of hereafter. 

' In this place therefore let it be ſuppoſed, that the angle of Inci- 

dence js equal to the angle of Refletion, that our preſent ſearch 

.may be applyed not to the finding our of the cauſes , but ſome con. 

ſequences of the ſame. : 

IT call an Azgle of Incidence, that which is made between a 
Rraight line _ another line (ſtraight or crooked) upon which it 
falls, and which I call the Line Refledi»g; and an Hagirof Refle107 
equal to it, that which is made atthe ſame point berween the 

fraight line which is refleed, and the line reftiefing. 

1 If ewo ſtraight lines which fall upon another ſtraight line be 

be parallel, their refic&ed. lines ſhall be alſo parallel. 

t the two ſtraight lines A Band CD (in the 1 figure) which 
fall upon the ſtraight line E F, at the points Band D, be parallel ; 
and fer the lines refle&ed trom them be B G and DH. Ifay BG 

and D-H arecalſo parallel. 

For the angles ABE and C DE arc equal by reaſon of the pa- 
xallellcliſme of A B and C D; and the angles G BF and H D Fare 
equal to.themby ſuppoſition ;. for the lines BG and DH are re- 

fleted from.cthe lines AB and CD. Wherefore BG and DH 
are parallel, 

2 If ewo ſtraightlines drawn from the ſame point, fall upon 
another ſtraight line , the lines refle&ted from them, tf they be 
drawn out the other. way, will meet in an angle equal to the angle 
ef the Incident lines. | - We, 

Fromthe point A C(in the 2d. figure) let the two ſtraight lines 
A Band AD bedrawn; and let them fall upon the ſtraightline 
E K at the points Band D, and let the lines BIand D G - refle- 
Qed from them, Ifay,I Band G D do converge, and that if they 

be 
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be produced on the other fide of the line EK they fhall meet, 
as in F;and that the angle B F D ſhal be equal tothe angle B A D. 

For the angle of RefleQionI B K is equal to the angle of Inci- 
dence A BE; andto the angle I BK, irs vertical angle E BF is e- 
qual; and therefore theangle ABE is _ tothe angle E BE. 
Again. the angle ADE 1s equal to the angle of RefleQion G D K, 
that is, to its verticalangle EDF ; and therefore the two angles 
ABDandAD B of the triangle ABD, are one by one equal to 
rhe two angles F BD and F D Bot the triangle FB-D;,Wherfore 
alſo the third _ BA D is cqual to the third angle BF D,which 
was to be proved. | ; 

Corollary 1. If the ſtraight line AF be drawn',. it will be pe 
dicular to the ſtraight line E K. For both the angles at E will be 
equa!, by reaſon of the equality of the two angles A BE and FBE, 
and of the two fides A Band F B. 

Corollary 2. If upon any point between B and D there fall a 
' ſtraight line, as AC, whoſe reflected line is EH, this alſo pro- 
duced beyond C, will fall upon F; which is evideatby the demgi- 
ftration above. 

3 If from two points taken withouta Circle , two ſtraight pa- 
rallel lines drawn (not oppoſitely but)from the fame oa 7" up- 
onthe Cirgumference; the lines refleted from them, if produced 
they meet within the Circle, will make an angle double to that 
which is made by rwo ſtraight lines drawn from the Center to 
the points of Incidence. | 

Let the two ftraight parallels AB and D C (in the 3d figure) 
fall upon the Circumference: BC ar the points B and c ; and ler 
the —_—_ of the Circle be'E ; and ler AB refleged be BF, 
and DC refleated be C G; and let the lines F Band G C produ- 
ced meet within the Circle in H ;, and let E Band E © be conne- 
Ged. I fay theangle F HG is double to rhe angle BE C. 

For ſeeing A Band DC gre parallels, and EB cuts AB in B, 
the ſame E B produced wiltcut D C ſomewhere let ir cut it in 
D, & ler D C be produced howfocyer ro Land let the interſcfion 
of D C & BF beatK. The angle therefore IC H(being external ro 
the triangle C K H,)will be equal to the rwo oppoſite angles CKH 
and C HK, Again,I CE (being external tothe truangle C D E) 

is 
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is equal to the two angles at D and E.Wherefore the angle IC 

being double to the angle I CE, is equal co the angles ar D and 
twice taken , and clicrefore the rwo angles CKH and CHK 
are equal tothe ewo angles at Dand E twice taken, Butthe angle 
C KH is equal to the angles D and A BD, that is, D rwicE taken, 
(for AB and D C being parallels, the altern angles D, and ABD 
are equal), Wherefore CHK , that is the angle, F HG 1s alſo c- 
qual to the angie at E twice taken; which was tobe proved. 

Corollary, It from two points taken within a circle, rwo ſtraight 
parallels fall vpon the circumfercnce, the lines refle&ed trom 
chem ſhall meer in an angle, double to that which is made by two 
ftraight lines drawn from-the center to the wes oof Incidence, 
For the parallels L Band I C falling upon the points B and C, 
Are refleQcd inthe lines B Hand CH, and make the angle at H 
double to the angle ar E,as was but now demonſtrated- 

4 It two ſtraight lines drawn from the ſame point without a 
circle, fall upon che circumference, and the lines refleed from - 
them being produced meet within the circle, they will make an 
angle cqual ro twice that angle which is made by rwo —_— 
lines drawn from the center to the points of Incidence together 
withehe angle which the incident lines themſelves make. 

Let the wo ſtraight lines AB and AC (in the gth figure) be 
drawn from the-point A to the circumference of the circle, whoſe 
cent&is-D ; and ler the lines refleed from them be BE and CG, 
and bein; produced make within the «circle the an2le H'; allo ler 
the two ſtraight lines D Band D Cbe drawn from the center D 
to the poims of Incidence B and C. I ſay the angle H is cqual to 
twice the angle at D cogether with the angle at A. 

For let A Cbepreduced howlſocver to T. Therefore the angle 

CH (which is external to the triangle C KH) will be cqual to 
the two angles GKHand CH K. Again, theangleIC D (which is 
external tothe triangle CLD)wilbe equalto the ewo angles CLD 
and C DL. ButtheangleI C H is dofible to the angle I C D, and 
15 therefore equaltothe angles C L D and CDL twice taken. 
Wherefore the angles C KHand CHK are I tothe augles 
CLD and CD Lywice taken. But the angle C LD (being a 

na 
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nil The lenge 2h 0) heguet Refow anghes 5s LAB & LBA; 
& eng CLD wice taken is equal ro LAB &L A Btwice 
taken, Wherefore C KH & C HK are equal tothe angle 'C D L 
together with L A B and LB A twice taken. Alſothe angle CKH 
is equalto the angle L A B once, and A-BK;thatis, LB Arwice 
taken. Wherefore the CHK is equal torhe remaining angle 
CDL (thatis, to the angle atD) rwice taken, and che 
L AB (that is,the angle ar A) once taken;which was tobe proved. 
Corollary, If rwo ftraight — mes, as IC and MB fall 
upon the concave circumference of a circle, their refle&ed lines,as 
H and B H,will meer in the angle H,equal to twicethe angle D, 
tozether with the angle at A made by the fncident lines produ- 
ced. Or, if the Incident lines be H B and I C, whoſe ref cd 
lines C H and B M meet in the'point N, the angle CN B wifi be 
equal to twice the angle D, togerher with the angle C K H made 
by the lines of Incidence, Forthe angle C N Bis equal tothe angle 
H (that is, to rwice the angle D)togerher with the two angles A 
and NBH (thatis KB A). Bur the angles K B A and A are equal 
to the angle C K H. Wherefore the angle C N Bis equal to twice 
the angle D , together with the angle C K H made by ghe lines of 
IncidenceI C and H Bproduced to K. 
z .5 It rwoſtraighr lines drawn from onepoint, fallupan the con- * 
cave circumference of a circle, andrhe angle _ make be leffe 
then twice the angle at the center , rhe lines from them; 
and meeting within the cjrcle, will make an angle, which being, 
added tothe angle ot rhe incident lines , will beequal zo twice che 
angle agthe center. | 
erthe two Lines ABand AC (in the 5rhftgure) drawn from 
the point A , fall upon the concave circumference of the circle 
whoſe center is D;& let their refle&ted Lines BE and C E meer in 
the point E;alfo ler the angle A be leſs then twice the angleD.I ſay 
the angles A and E together raken are equal rotwice the angle D.. 
For ler the Airaight Lines ABand E C cutthe ſtraight Lines 
D Cand DBin the points G and H andthe angle BHC will be: 
| to the two angler E BHandF ; alforhe ſame angle BH'C 
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will be equal to the two angles D and D C H ; and in like manner 


the apgle BG C will be equal tothe two angles AC D & _ che 
han: 
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ſame angle BG C will be alſo.cqual to the two angles DBG.and 
D. Wherefore the four angles E BH,E , A-CD and A are equal 
ro the four angles D, DC H, DB Gand D. It therefore equalsbe 
taken away on both {ides, namely, on one ſide ACD and E BH, 
and on the other ſide D C H and D BG (fortheangle EBH is e- 
ual to the angle D BG,and the angle ACD equal tothe angle 

D CH) thc remainders on both fſi:les will be equal, namely, 
on one {ide the angles A and E ,.and on the other the angle D 
twice taken, Vheretore The an2les A and E are cqual to twice 
the angle D. 

Corollary, If the angle A be greatcr then twice the angle D,their 
refleted I.ines willeiverge. For, by the Corollary of the third Pro- 
poſition, if che angle A be cqual to twice the angle D, the refle&- 
cd Iaines B E and C E will be parallcl ; and if it be lefic, they will 
concurre, as has now bcen demonſtrated; ard therefore if it be 
greater, the refleted Lines B E and CE will diverge, and conſe- 
quently ,if they be produced the other way , they will concurre? 
and make an angle equal to the excelſle of the angle A above twice 
the angle D; as 1s evident by the fourth Article, 

[| thgough any onepaint, two unequal chords be drawn, cut- 

_— affother, cirher within the circle, or (if they be produced) 
without it,and the center of the circle be not placed berween them, 
and the Lmes,refleted from them concurre whereloever ; there 
cannot through the point through which the former Lines were 
drawn, be drawn another ſtrai tht Line,whoſe refle&ed Line ſhall 
paſſe through the point where the two former reflefted Lines con- 
curre, 
Let any two unequal chords,as B K and C H(in the 6thFigure) 
be drawn through the point A in the circle B C ; and lettheir re- 
fle&ed Lines B D and C E meet in F;and let the center not be be- 
tween A B and AC ; and from the point Alert any other ſtraight 
Lineas A G bedrawn to the circumference between B and C. I 
ſay G N, which paſſes through the point F , where the refleted 
Lines BD and C E mcet,will not be the refleted Line of A G. 

For let thearch B L be taken equal tothe arch BG, and the 
ſtraight Line BM equal to the ſtraight Line BA, and LM being 


drawn,let itbe produced to the circiimference in O, Secing _ 
ore 
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fare'B AandÞB Mi al, aiid'Gearch 
B G,amwdt che an; oy » 
will alſo be equal, an 6 (prog 
the whole _ mo phage 
15 ter then G'Þ N (as ſhalt prel 
— allo GI is greater chen preny be Amen | 
NGC and I GB are'ner equel. Wikerefore the Fit pA : 
not refleted trom the Linevof Incidence A'G;and: q1 
other {traizht Line(beiries ABand AC)which is dra 
the point A, and fails upon the circutafcrence BC, catt be refle 
ed co the point F, wiiici wasto be demonftrared: 

Itremams that! prove LO robe grearct thier kn GN wh 
ſhalt do in this m-nner. &£ O'and GN cut one ahothet 
PL is greater then P G. Seeing now LP. PG::PN: POM 
proporrionals, therefore the ewo Extremes EP and P'Or 
raken,(that is L O), are greater then PG and PN togerher 
(that is, G N;)which remained to be? tec 

7 Butit rwo- equal chords be dra one poſi a 
a circle , and the Lines refleted (from ora mee 
point , then another ſtraight Line may be drawn” between 
—_—_ the former point, whoſe reflected Line ſhah paſs the 
the later point. 

Let the rwo-6qualchords'BC aid E'TY (ini Fl 
one another inthe point A withinthe circle B 
refle&ted Lines C H and TÞI meetin the poinre F, Then dividing 
the arch C D equally in G, let therwochordl GK and GL ans 
drawn through the points A and F. Ifay GE will be che Line re- 
flected from the chord K G. Forthe four chords BC; © H; Fr 

ro 


4 


and DI, are by ſuppoſicion all cquaFro one another; and rhet 
thearch BC Hisecqual w the arch-E Dl;as alfo the angle BG 
the angle E D1;& the angle AM C toits vertical angel zand 
the ſtraight Line D M to the firtight Line C M ; andin Uk gle 
ner , the ſtraight. Line AC to rhe firai igti Lite Falk 
chops C Gand G Dbeing drawn; on ito cha 
nglesF DGandAC CIS rpm 1nd 
herefore the ſtraight Lines F and: equal; and GC 
tore the angle Þ G D is equal to the nl A 6 'C: thati is, ge" 
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of Tacidence to the angle of Refletion. Wherefore the 
Gin ref eRed from the incident Line KG z which was tobe 
s prave . 


Corollary. By the very ſight of the figure, it is manifeſt, that if G 
be not the middle point between C and D, the refleted Line G L 
will not paſs chrough rhe point F. 

' $ Two points in the circumference of a circle being given , ts 
draw two ſtra1zht Lines to them, ſo as that their refleted Lines 

may be parallel, or contain any angle given. 

\ In the circumference of the circle whoſe center is A(in the 8th. 
G5ure) let the two points Band C be given ; and let it be required 
to.draw cathem from two points taken without the circle , two 
incident Lines, ſo,that their refle&ed Lines may(firſt)be parallel, 

Let AB and AC bedrawn; asalſo any incident Line D-C, 
with its refleted Line CF; and let the angle E CD: be made 
double to the angle A; and let H Bbe drawn paralleltoE C, and 

uced tiltir meet with D.C produced int, Laſtly , producing 

\ Bindefinitely ro K, let GB. be drawn, ſo, that theangle G B K 
may be equal to the angle HB K, and then G B will be the refle- 
Red Line of the incident Line HB. Ifay DC and HB ate two 
ancident Lines, whoſe refleted Lines C F and BG are parallel. 

For ſeeing the angle E C D is double to the angle BAC, the 
angle H ICs alſo by reaſon of the parallels E C and HI) double 
tothe ſame BAC; Therefore alſo F C and GB (namely the 
lines refle&ed from.the incident lines DC and HB are parallel; 
Wherefore the firſt thing required, is done. 

Secondly , let it be required to draw to. the points B & C two 
Araight lines of Incidence, ſo, that the lines retle&ted from them 
may contain the given angle Z. 

Tothe angle E C D made atthe point C,. let there be added on 
one ſide the angle D C L equal to half Z, and onthe other fide the 
angleE C Mequal tothe angle D CL; andlet the ſtraight Line 
B N.be drawn parallel to the {traight line C M ; and let the angle 
K.B O: be made equal to the angle N B K; which being done, b O 
will be the Line of Refle&ion from. the Line of Incidence N B. 
Laſtly, from the incident Line LC, letthe refle&ed Line C O be 
drawn, curting B O at O., and making the angle C Q B, I ſay the 
awgt C OB js cqualtothe angle Z. - | Lan- 
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| Let N Bbe producedrill it meet with the firaight line L 
__ un Þ, Secing DUIIG agS LC = r5byc _ 
cual ro twice tl:e angle BAC together with the ; Tithe anglc 
NP L (which is equaltoL CM by reaſon of the parallels N Pand 
M C ) will alſo be equal to twice ti.c lame angle BA C __ 
with ruc angle Z. And ſeeing the wo ſtraight lines OC OB 
tall from the point O upon the points C and B; and their refleted 
lines L C and N B meer in the point P; the N Þ.L will be e- 
qual co twice the angle B A C rogether with the angle COP.Buel 
have already proved the angle NPL to be equal torwice the angle 
BAC toygetl.cr with the angle Z. Therefore the angleC OP isc- 
qualto the angle Z ; Wheretcre,Two points in the circumference 
of a Circle being given , I have drawn, &e.,which was to be done. 

Bur if it be required to draw the incident Lines from a 
point within tte circle , fo, that the Lines refle&ed from rhema 
may contain an angle equal to the angle Z, the ſame methodis to 
be pſed, ſaving tt at in this caſe the angle Z is notto be added to 
twice the angle B A C, bur to be raken from gt - 

9 If a ſtraight line falling upon the circumference of a circles 
be produced till ir reach the Semidiameter , and char partof ic 
which is intercepted berween the circumference and the Semidia- 
meter,be cqual to that part of the Semidiameter whichis between 
the point of concourſe and the center , the reflected Line will be 
parallel ro the Semudiameter, | 

Let any Line AB (in thegth figure) be the Semidiameter of 
the circle whoſe center is Az and upon the circumference BD 
let the firaight Line CD {all;and be produced till it cut A Bin;E, 
ſo,that ED and E A may be equal; & trom the incident Line CD 
let the Line D F be refleed. I fay AB and D F willbe 

Ler A G be drawn through the wu D. Seeing therefore E D 
and E A arc equal, the angles E DA and E AD willalſobec- 
qual. But the angles F D G andE D Aare cqual(for each of them 
is half the angle E D Hor F DC.) Wherefore the angles F DG 
and E A D are equal; and conſequently D F and A Bare parallel; 
which was to be proved. 

m_ If E A begreaterthenE D.,, then DFand AB bei 
produced will concurre ; but if E A be leſs then E D, then B 
and D H being produced will — M 

@ I 
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xp If fromapeinrwithina circle, po ſtraight Lines be drawn 
oeCrcumference ,/and rheir reflected Lines meet in the Cir- 
onetiferonce of rhe fame circle, rheangle made by the Lines of Re- 
f68tios; will be a third-parc-of rhe angle-made by the Lines of In- 

eicdence. 

From: the point B (inthe 10th figure) taken within the ciecty 
whoſe center is A,ler-the two ftraizhe lines BC and B D be drawn 
ro the circuriferences and ler their refleGed Lines CE and DE 
= inche circumference of the ſamecircle at the point E. I ſay 

Gags {CE Dwillbea third partof che angle CB D. | 

Let AC and A Dbe drawn.Secing therefore the angles CE D- 
and C BDxopether raken , are equal to rwice-che angle C A D 
(as has been demonſtrated in the 5tharticle); and the angle CAD- 
ewitetakenis quadruple to the angle CE D , the angles CE D: 
end CBD Neon eat be ck: br CED- 
four rimes caken ; and therefore i& che ak CE Dbetaken 
on both ſides, there will remain the angle C B D on one ſide,equal - 
to theangle CE D thrice taken on the other fide 4 which was to 
hedenionſtrared. 


Cordl. Therefore n poitr bemg given within a Circle,there may 
ye druwwn wo Lines from-ir to the Clronnfcrencefoas their refle- 
gs pur 5 meet in the Circamference. For it is but triſe- 

BD , which how it may be done , ſhall beſhewn: 
Wn the fllowin Chapter. | 
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_. Cnar, KK bw 2: 
Of the Dimenſion of 2Cirde, andthe 
 Divifion of Angles or it 11s 
Anches: i in bed! ns * 


T mY Don. fon # 4 p- wele neer i are oe Archimedes or 
others, 2 attempt ſor the finding wut of the Dinmeyfon of #: 
Circlcby Lines, $3 The ſecond attempt for the finding ont of the Dinpen- 
fron f a Cirele from the cephemues of the nature of Crookganeſi. 4 The, 
third arrempt ; and ſoree things id to be farther ſearched into, 
5 The Equationof the Spiral of Archimedes with a ſtraight Line. 6 Of 
the Analyfos of Geonvetricians by the Powers of Lines. : 


the comparing of an Arch of a Circle with 
Straight Lineanany and great Geometriciahs;even' 
from the moſt ancient times; have exerciſed their 
wits; and more had done the ſame if rhey had not 
| ſeen their pains, though undertaken for the comt- 
mon oe » if. not broughe to! perfeQion\ vilified by thoſe that 
envy the prayſes of other men. Amongſt thoſe Ancieiit Writets: 
whoſe Works are come to our hands, Archimedes was the firſt that 
braught the Length of the Perimeter of a Circle within the limits 
of Numbers very litle differing from the truth; demonſtrating the 
fame tobe lefs then three Diameters and a:ſeventh paper” 
er then three Diameters and 'ten ſeventy 'one parts 'of the Diame- 


L 


ter. So that ſuppoſing the Radius to- confiſt: of rooo0000 equi] 
parts, the Arch of a'Quadrant will be between 15714285 'and 
1504225 of the ſame parts. In our times Luwourcus Van Cullen & 
Willebror du Snelizzs with joint endeavour have come yer neerer to 
the truth ; and pronounced from true Principles, chat rhe Arch'of 
a Quadrant (putting, as before xooo00000 for Radius) differs nor 
ene whole Unity from-the number 15907963; which, if chey had: 
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exhibited their arithmerical operations(and no man had diſcove- 
red any erfour inthat long work of theirs) nad beerdemonſtrated 
by them. This is the furtheſt progreſs chat has been made by 
t.ie way of Numbers , and they tat have ptocceded thus far de- 
ſcrve the praile of Induſtry. Neverthelels,it we conſider the bene- 
fir (which$che ſcope at which all Speculation. ſhould aime) rhe 
improvement they have made has been lictle, ornone, For any or- 
dinary man may much ſooner, '& more accutitelyfind a Straight 
Line equal to tixe Perimeter of a Circle, and conſequently ſquare 
the Circle, by winding a ſmall rhred about a given Cylinder, then 
any Geometrician ſhall dothe ſame by dividing the Radius into 
10000000-<qual parts, But though the length of the Circumfc- 
rence were exaatly ſer out;cicher by Numbers, or mechanically,or 
onely by chance, yet this would contribute no help at all cowards 
the Sectionof Angles, unleſs happily theſe two Problems, To dt- 
vide a gruen Angle accordi,.g to ary proportion aſſigned , and To ferde a 
Straight Lineequal to the Arch of a Cirde , were reciprocal , and fol- 
lowed one another, Sceing therefore the benefir proceeding from 


the knowledge of jthe Length of tie Archof a Quadr confiſts 
in this,thatwe may thereby divide an Angle accorditg're any.pro- 
portion, cither accurately , or a: leaſt accurately enough for com- 
mon uſe; and ſecing this cannot be done by Arichmetick;I thought 
fig :oartempt the ſame þy Geomecry;and in this Chaprer to make 
wlal whether ' it might not be-performed by the drawing of 
Straight and Circular Lines, ICP 

2. Lerthe Square ABC D(in the firſt figure) be deſcribed,and 
with the Radri A B,BC and DC rhe three Arches B D,C A and 
AC, of which letthe two BD and CA cutone another in E, 
and the twoBDand ACinF. The Diagonals' therefore B D 
and AC being drawn will cut, one another: inthe center'of rhe 
Square G,andrthe two Arches B Dand©C A.into-rwo equal parts 
inHandY, and the Arch BH D will be'rriſeted in F and E. 
Through che Center G ler the two Straight Lines KG L and 
1M G N be drawn paralle! and equal to the ſides of the Square A B 
and A D.,cutting the four ſides of che ſame Square in the points 
K,.L, M and N; which being done, K L will paſs through F, and 
MN through E. Then let OP be drawn parallel and equal to the 
ſide B Ccutting the Arch BF DinF, and the fides AB and D C 
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| in O andP; Therefore OF will bethe:Sine'of then BE which 
isanarchof zo z\and the ſatie @ Þ will be: half 
the Radius. Laſtlyzdividing the arcti B Finthe middle in! !, lt 
R Qthe Sine of the arch BQ be drawn and produced ra $. forthar 
Qs be equal roRQ, and conſequentlyR'S be equaltatho thard 
of the arch BF;and let F $ be drawn and produced oF mihe fide 
B C. I ſay;the Straight Line BT is equalitothe ArthBE; an 
ſequently rhar. B V) the triple of BT is; equal to] the Arch ef the 
QuadrantBFED..: q 4 ©: Irerp' vl Q 
' Let TFbeproduced till it meet the ſide B A produced jn X;arid 
dividing OF 1n the middle in Z, ler. QZ beidrawmand produved 
tif it meer with the ſide [B A! produthd.. Seempaticrefore: the 
Straight-Lines R $ and O F'are paralich; and divided imthe:midft 
in Qand Z,QZ produced will tallupon X,-and'X Z Q produced 
to the fide BC will cut BT in the midft in @;- - + 14 111 

Upon the Straight line F Z:the fourth. part of the Radius 'AB 
tet che equilateral triangle 4Z F be conftrtured; & upon the:cexter 
4, with the Radius aZ ler thearchZ F be drawn y which arch TS * 
will thetefore be equal to the arch-Q'F /the haK-of thearch BF, 
Again , let the ſtraight line Z O be cutinthe midſt ini &, andthe 
ſtraight line 5O in the midſt in c;and let the biſetian be cominued 
m-this manner till che laſt > c be the leaſt that can poſſibly be 
taken; and upon it,-andall the reſt ob the ual co it ance 
which rhe ſtraight lins OF: may; beccur ,.lex to many equilateral 
triangles be underſtood to be conftitured ;of. which Jet che laſt be 
«Oc, If therefore upon the center-d, with the Radius dQ be 
drawn the arch O c, and ugon/ the reſt of the equal:parts of the 
fraight line OF be drewnin like manner ſo many * 9s 
ttioſe arches together taken will be equal to tize whole arch B F, & 
the half ofrhem;namely , thoſe that are comprekended berween 
O & Z,or between Z & F will be.cqualtothe arch BQor Q F and 
in ſumme, what part ſoever the ſtraight line O c be of the ſtraight 
line OF, the ſame part will the arch: O c be of:the arch O F, 
though both the arch and the chord be infinitely biſe&ted. . N®w 
ſeeing the arch O-c 3s more crooked then that part ef the arch BF 
which is equal ro it; and ſeeing alſorhat the more the ſtrarcht line 
X cis produced themote/it diverges from the ſtraight line X O ,. if 
the. 
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feaightmorion inX © addX%c} the arch Or:vailiccheroby: borex- 
ended by lictle and{lirries yill arche: laft' ir comb tolno-where o 
have the fame crookednets with thatipattof thearch BF which is 
cquel toi Stthke manner , if rhe SIGs drawn, 2t:tl 
the poine Aberinderftooid robemoved forwards at the ſame rime, 
axch c b; wilthaifo by-lictle and licle be extended , til irs crook- 
edneſscomert be equal tothe crookednefs of that part:of the arch 
B F which iis equal to it. And che ſame will. happen in all choſe 
{mal-equal arches which are deſcribed many equal ' 
partsot che iraight line QF. It ivalſomanifeſt', char by firaighr 
motion 1X O and X Z'all chofe {mall archerwill ie: imtherarch 
B Frinthe: poines B, Qi and EF. And though che fame: ſmall c- 
quall arches ſhould not be coincident with the cquall parts of the 
arch BF inall the other points thereof, yer certainly they will 
canſticute two crooked lines, not. onely: equall to. the twa: arches 
BQand QF: and equally! crooked , buyailo having: theiv cavi 
wwards the ſame'parts3 which how: it- ſhould. be', unlefle. 
thoſe ſmalbarches{fhonld be coincident wich thearch BF in all 
its-points, is not imaginable.” Tacyare therefore coincident, and 
allttie ſirai rolided Senna from X 8& through the poi 
of diviſion of. rhe ſtraight line O F, will alfo- divide the arch B F 
into the: ſame proportions into winch O'F is divided; _.. : | 
 Now-/feeingX'6 ours off from chepoiht Bhi fourrh: part of che 
arch BF, ler rac fourth part be Be; and-ler: the: Sine thereof 
fe beproduced oF Tin g, for ſofe-will-be the fourth |partof 
the ſtraight line fe, becauſe as O'&@ to O:Þ, fo1s fero fg. Bur 
BT-is-greater then#g; 'and' therefore:the dame :BT is grea 
then four $1nes of cize fourth parrof the: arch BF.: Andin like 
mn; if chearch'BE be ſtbdivided imoany:umbcr of equal 
parc\yharſoe.er,it may be proved that the ſtraignr. line BT is 
Zrcater then tie Sine of onc of thoſe ſmall arches ſo many rimes 
:1491.25there beparts fade of the whole arch B F- W herefore 
MmM##r.ichtlind BT is norleTerhenthe Arch BF. Bur neither 
@1a it bovreaterabacanfert any Rraight hine-wharfocver , lele 
thenB TyihedrawubolowB T paraileſtoir and terminared- in 
1+ firaight lines X Band'X'T, ir would curthe arca BF; = 
| 0 
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ſo the Sine of ſome one of the pares of che arch' BF taken-ſb often 
as that ſmall arch is found in the whol#arch-BF, would be great- 
er then ſo.many of the ſame arches; which is abſurd. Wherefore 
the Straight line BT is cqual to the Arch BF , & the Straight line 
RV equal to the Arch of the Quadrant BF D;and B V tour times 
taken, equal to the Perimeter of the Circle deſcribed with the 
Radius A B. Alſo the Arch B F and the Straight line BT areevery 
where divided into the ſame proportions z and contequently any 
given Angle, whether greater or leſs then B A F may be divided 
into any proportion given. ; 

But the ſtraight line B V (though irs magnitude fall within the 
terms affigned by Archimedes )is found,if computed by the Canon of 
Sines,to be ſomwhat greater then that web is exhibired by theLudl- 
phine numbers.Nevertheleſs, if in the place of BT, another ftraighe 
line, though never (o little leſs, be ſubſticuted , the diviſion of An- 
eles is immediatly loſt , as may by any man be demonſtrated by 
this very Scheme. Ki 

Howloever, if any man think this my Straight line BV to be too 

reat, yet, ſeeing the Arch and all the. Parallels are every where 
i exactly divided, and B V comes ſo neer to the truth”, I deſire he 
would ſeach out the reaſon , Why (graming BY to be preciſely 
true) the Arches cut off ſhonld not be equal. | 

But ſome man may yet ask the reaſon why the ſtrajght lines 
drawn from X through the equal parts of the arch BF ſhould cur 
off in the Tangem B V ſo many ſtraight lines equal to them, ſecj 
the conneRed ſtraight line XV paſſes not through the point D,b 
cuts the ſtraight line A D produced int; and conſequently require 
ſome determination of this Probleme, Concerning which , I will 
ſay what think tobe the reaſon, namely , that whiteſt rhe mag- 
nirude of the Arch doth not exceed the magnitude of the Radius, 
that is, the magnitude of the Tangent B C, borh the Arch and the 
Tangent are cut alike by the ftraight lines drawn from X ; other- 
wiſe not, For AV being com Amer, err BHDinl, if 
X C being drawn ſhould cutthe ſame archin the fame point I, ip 
would be as true that the Arch BI is equalrorhe Radius BC , as 
it is true that the ArchB Fis equal to the. ſtraighr line BT, and 
erawing X K it would cut the arch BI midſt ns no 
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drawing A # and producing it to the Tangent BC in k,the ſtraight 
line B+ will be theTangert of the arch B :,(which arch is equal to 
halt the Radius) and the ſame ſtraight line B& will be equal to the 
ſtr aight line #1, I ſayall this is true, if the preceding demonſtrati- 
on be true; and con{equently the proportional ſeQion of the Arch 
and its Tangent proceeds hitherto. Bur it is manifeſt by the Gol- 
den Rule, that taking Bh double to B T, the line Xh ſhall not cut 
off the arch BE which is double to the arch B F,but a much great- 
er. For the magnitude of the ſtraight lines X M, X Band M E be- 
ing known (in numbers) the magnitude of the ſtraight line cur off 
in the Tangent by the ſtraight line X E produced to the Tangent 
may alſo be known; and it will be found to be leſs then B b;:Wher- 
fore the ſtraight line Xþ being drawn will cut off a part of the arch 
of the Quadrant greater then the arch BE. But I ſhall ſpeak more 
fully in the next Article concerning the magnitude of the arch BI. 

d let this be the firſt attempt for the finding out of the di- 
menfion of a Circle by the SeCtion of the arch BF, 

3 I ſhall now attempt the ſame by arguments drawn from the 
nature of the Crookednels of the Circle it ſelf ; but I ſhall firſt ſer 
down ſome Premiſſes neceſlary for this ſpeculation; and 

Firſt, If a Straight line be bowed into an Arch of a Circle equal 
toit, as when a ſtretched thred which toucheth a Right Cylin- 
der, is ſo bowed in every point , that it beevery where coincident 
with the Perimeter of the baſe of the Cylinder, the Flexion of 
that line will be equal, in all its points;and conſequently the Croo- 
kednelſs of the Arch of a Circle is every where Uniform z which 
needs no other demonſtration then this , That the Perimeter of a 
Circle is an Uniform line. 

Secondly, and conſequently, If two unequal Arches of the ſame 
Circle be made by the bowing of two ſtraight lines equal to them, 
the Flexion of the longer line (whileſt it is bowed into the greater 
Arch) is greater then the Flexion of the ſhorter line (whileſt it is 
bowed into theleſſer Arch) according to the proportion of the Ar- 
ches themſelves; and conſequently,the Crookednels of the greater 
Arch isto the Crookedneſs of the leſſer Archzas the greater Arch 
is to the leſler Arch. 


Thirdly, If two uncqual Circles anda ſtraight line touch one 
ano- 
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another in the —_— ,the Crookedneſs of any Arch taken in 
the leſſer Circle, will be greater then the Crookedneſs of an Arch 
equal to it taken in the greater Circle, in reciprocal proportion to 
that of the Rad with which the Circles are deſcribed;or,which 
is all one, any ſtraight line being drawn from the point of Conta& 
till it cut both the circumferences, as the part of that ſtraight line 
cut off by the circumference of the greater Circle to that part 
which is cut off by the circumference of the leſſer Circle. 

For let ABand A C (in the ſecond figure) be two Circles, tou- 
ching one another and the ſtraight line A D in-thepoint A; and lex 
their Centers be E and F; and let it be ſuppoſed, thatas AE is to 
AF,ſfois the Arch AB to the Arch AH. Ifay the Crookednefſs 
of the Arch AC is to the Crookedneſs of the Arch AH,as AE is 
to AF. Forlet the ſtraight line A D be ſuppoſed to he equal to 
the Arch AB, and the ſtraight line A GG tothe Arch A C; and let 
AD (for example) be double to A G. Therefore by reaſon of the 
likeneſs of the Arches AB and AC the firaight line AB will 
be double to the ſtraight line AC, and the Radius AE 
double to the Radius A F, and the Arch A B double to the 
Arch A H. And becauſe the ſtraight line A D is ſo bow- 
ed to be coincident with the Arch A B equal to it, as the ſtraight 
line A G is bowed to be coincident with the Arch A C e- 
qual alſo to it,the Flexion ofhe ſtraight line A G into 'the 
Crooked line A C will be equal to the Flexion of the ſtraight 
Line A Dinto the Crooked line A B. But the Flexion of S 
ſtraight line AD into the Crooked line AB is double to the 
the Flexion of the ſtraight line A G into the Crooked line AH ; 
and therefore the Flexion of the ſtraight line A G into the Crook- 
ed line A C is double to the Flexion of the ſame ſtraight line A G 
into the Crooked line A H. Wherefore,as the Arch AB is to the 
Arch AC or AH; oras the Radius AE is to the Radius A F;or as 
the Chord A B is to the Chord A C;ſo reciprocally is the Flexion 
or Uniform Crookedneſs ofthe Arch AC, to the Flexion or Uni- 
form Crookedneſs of the Arch A H,namely,here double. And this 
may by the ſame method be demonſtrated in Ciftles whoſe .Peri- 
meters are to one another triple, quadruple , or in whatſoever gi- 
ven proportion. The C rockedved — of two equal Arches 
Ft 2 ta- 
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takefnih ſeveral Circles are in proportion reciprocall to that of 
ks Bi , of like Arches , or like Chords; hich wasto be de- 
onſtrated. 

Let the Square ABCTCD be again deſcribed (in the third 
Figure) and, in it che Quadrants ABD, BCAand DAC, 
atid dividing «ach ſide ofthe Square ABC D inthe midft in E,F, 
GandH, let E G and FH be conne@ed, which will cut one ano- 
ther in the center'of che Square atI, and divide the arch of the 
Quadrant A B D intothree equal parts in Kand Lz Alto the Dia- 
gonals A C and B D being drawn will cur one another in Land di- 
viderhe arches BK Dand C LA into two equal in M and 
N. Then with theRadius BF lerrhe arch F E be drawn, cutting 
rhe Diagonal B D it'©; and dividing che arch B M inthe midſt in 
P, let Tus kine E equal tothe chord BP be ſetvff from 
rhe point E inthe arch EF, and letthe arch ab be taken equal ro 
the arch Oa, ahdlet Ba and Bb be drawn and produced to rhe 
arch AN incand 2, and laſtly, let the ſtraight line A 4 be drawn. 
I fay the Straight line Adis equalto the Arch ANorBM. 

L have proved ih the preceding article , that the arch E O is 
twice as crooked as the arch BP, thar is to ſay, rhat rhe arch E O 
& fo muchmore crooked then the arch BP, as the arch BP is 
More crooked then the ſtraight line E a.The crookedneſs therefore 
of the chord E a, of the arch BP,and of the arch E O areas 0,1 2. 
Alfo the difference between the arches EO and EO,the difference 
between the arches E O and E a, and the difference between the 
archesEO andE bare as o, 1,2. Soalſfo the difference between 
the arches A N and AN, the difference between the arches AN 

and A c, and the difference between the arches AN and A dare as 
©,1224 and the ftraighr line Ac is double to the chord BP dr E 4, 
and the ſtraight line Ad double to the chord E 5. | 

Again , let the ſtraight line BF be divided in the midſt in Q, 

and thearch BP in the midſt in R ; and deſcribing the Quadrant 
BQS (whoſearch QS is a fourth part of the arch of the Qua- 
drant BMD gs the arch BR isa fourth part of the arch BM 
which is the arch of the Semiquadrant A B M) let the chord $ ec 
equal to the chord BR be ſer off from the point S in the arch 
S$ @, andfet Be bedrawn and I to the arch AN in f;. 
which being done, the ſtraight linc Af will be quadruple = 

' chord : 
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chord BR or Se, And feeing the crookedneſs«of the arch $ e 
or of the arch A «© is double ro the crookedneſs of . the 
arch B R, the exceſs of the crookedneſs of the arch A f above 
the crookedneſs of the arch A c will be ſubduple to the ex- 
cefs of rhe crookedneſs of thearch Ac above the crookedne(s of 
the arch AN; and therefore the arch N «c will be double rs the 
archcf. Wherefore rhe arch cd is divided in zhe midſ in f, 
and thearchN f' is} of the archN 4. And in like manner if the 
arch BR bebiſe&tedin V, and the ſtraight Line BQ in X, and the 

uadrant B X Y be deſcribed, and the itraight Line Y g equal to 
the chord B V be fer off from the point Y inthe arch Y: » 4t may 
be demonſtrated that the ftraight Line B 2 being drawn and pro- 
ducedxothe arch A N will cuttke arch fd into two equal parts, 
and that a ſtraight Line drawn from A to the point of that Se- 
Rion, will be equal to eight chords of thearch B V, and ſoon per- 
petually ; and conſequently, that the ſtraight Line Ad is equal 
ro ſo many equal chords " equal parts of the arch B M, as may be 
madeby infinite biſetions, Vherefore the Straight Line Ad is 
equal ro the Arch BM or A N;that is;to half the Arch of the Qua- 
drant ABDorBCA. . 

Corelary. An Arch being given not greater then the arch of a 
Quadrant (for bein made greater it comes again towards the 
Radius B A anew | from which it receded before) it a ſtraight 
Line double to the chord of half the given arch be adapted from 
the beginning of the-arch, and by how much thearch chat is ſub- 
tended by it 1s greater then the given arch, byſo much a greater 
arch be ſubtended -by another Araight Line, this Straight Line 
ſhall be equal to the firſt iven Arch, 

mo - the” Straight Line BV ( in the farſt Figure ) be 
equal to the. arch of the. Quadrant BHD , and AV be 
connected cutting the arch B H D in Ly it may be asked what pro- 
portion the arch BI has tothe: arch I D, Let therefore the-arch 
AY bedivided in the midft in 0, and in the ſtraight line A D ler 
A p be taken equal, and Ag double'to the drawn chord A o, - 
Then upon the center A, with zhe Radius A qletan arch of a cir- 
cle be wr cutting thearch AYinr, and ierthe arch Y r»be 


doubled at t; which being done, the drawne ſtraight line At (by 
what has been laſt demonſtrated) will be equail to the-arch A Y. 
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Again , upon the Center A with the Radius A t let the arch 2 « 
be drawne cutting ADin«; and the ſtraight line As will be e-. 
quall co the arch AY. From the points let the ſtraight line ws 
be drawn equal and parallel! to the ſtraight line AB, cutting 
MN 1n x, and biſe&ed by MN in the ſame point x.Therefore the 
ſtraight line Ax being drawn and produced till it meet with BC 
produced in V > it will cut off B Y double to Bs, that is, equal to 
the archB H D. Now letthe _=_ where the ſtraight line AV 
cuts thearch BH D, bel; and letthe arch DI be divided in the 
midf in y; and in the ſtraight line D C\let D z be taken equal,and 
D double to the drawn chord D y; and upon the center D with 
the Radius D a let anarch of a circle be drawn cutting the arch 
BHD in the point »; and let thearch z mbe taken equal to the 
arch 1 zzwhich being done , the firaight line Dm will (by the 
laſt foregoing c_ ) be equal to the arch DI. If now the 
ſtraight lines D mand C V be equal, the arch BI will be equal to 
the Radius ABorBC ; and conſequently X C being drawn will 
paſs through the pon I. Moreover, if the {emicircleBH Dc being 
completed , the ſtraight lines cI and BIbe drawn making a right 
angle (in the Semicircle) atI,and thearch BI be divided in the 
midſt at z; it will follow that A # being connected will be parallel 
ro the ſtraight line cI, andbeing —_— to BC ink, will cut off 
che ſtraight line B & cqual to the {traightline & I, and equal alſo to 
the ſtraight line Ay cutoffin AD b the ſtraight line cI. All 
which is manifeſt,ſuppoſing the arch BI and the Radius B C to be 
equal. ” 

"Bur that the arch BI and the Radius BC are preciſely equal, 
cannot(how true ſoever it he) be demonſtrated; unleſs that be firſt 
—_— web is contained in the firſt article,namely,that the ſiraight 

incs drawn from X through the equal parts of OF, (produced to a 
certain length)cur off ſo many parts alſo in the Tangent B C ſeve- 
rally equal to the ſeveral archescut off;which theydo moſt exatly 
as far as BC in the Tangent,and BI in the arch BEzin ſo much that 
no inequality between the arch BI and the Radius BC can be dil- 
covered either by the hand or by ratiocination. Ir is therefore to 
be further enquired, whether the ſtraight line A V cut the archof 


the Quadrant in I inthe ſame proportion as the point C _—_ 
| the 
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the ſtraight line BV which is equal tothe arch 'of the Quadrant. 
But however this be , it has been demonſtrated. thar the ſtraight 
line BV is equal tothe arch BH D. 

4 I ſhall now attempt the fame dimenſion of a Circle another 
way, aſſuming the two follewing Lemma's. 

Lemma 1. If tothe Arch of a Quadrant,and the Radius,there be 
taken in continual proportion a third Line Z; then the Arch of the 
Semiquadrant; Half the chord of the Quadrant, and Z will alfo 
be in continual proportion, 

For ſeeing the Radius iya mean proportional between the Chord 
of a Quadrant and its Semichord , and the ſame Radius a mean 
proportional between the Arch of the Quadrant and Zzthe Square 
of the Radius will be equal as well to the ReQangle made of the 
Chord and Semichord of the Lnacrants as to the ReQtangle made 
of the Arch of the Quadrant and Z; and theſe two KeQangles will 
be equal to one another. VVhertore, as the Arch of a Quadrant is to 
its Chordsſo reciprocally is half the Chord of the Quadrant to Z. 
Bur as the Arch of the Quadrant is to its Chord , ſo is half the 
Arch of the Quadrant to half the Chord of the Quadrant. Where- 
fore, as half the arch of the Quadrant is to half the Chord of the 
Quadrant (or to the Sine of 45 degrees)ſo is half che Chord of the 
Quadrant to Z ;' which was to be prove&. 

Lemma 3. The Radius, the Arch of the Semiquadrant, the Sine 
of 45 degrees, and the Semiradius are proportional. 

For ſecing the Sine of 45 degrees is a mean proportional be- 
tween the Radius and the Semiradius; and the ſame Sine of 45 de- 
grecs is alſoa mean proportional ( by the precedent Lemma) be- 
eween the Arch of 45 degrees and Z ; the Square of the Sine of 45 

rees will be equal as well tothe Reftangle made of the Radius 
and Semiradius , as to the ReQtangle made of the Arch of 45 de- 
greesand Z, Wherefore, as the Radius is tothe Arch of 45 de- 
grees, ſo reciprocally is Z to the Semiradius ; which was to be de- 
monſtrated. 

Letnow A B CD (in the fourth Figure) bea Square; and with 
the Radiz AB, B C and D A let the three Quadrants AB D,B CA 
and D A Cbe deſcribed ; and let the ſtraig tlines EFand GH 
drawn parallel to the Sides B C & AB,divide the Square A BCD 
into foure equal Squares, They will therefore cut the arch _ 

a- 
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Quadrant A B D.into three equal parts in Land K, andthe arch of 
the Giadrant B C A into three cqual parts in K and L. Alfoler 
the Diagonals A C and B D be drawn , cutting the arches BID 
and ALCinM and N. Thenuponthe center H with the Radius 
H F equal to half the Chord of the archBM D, or to the Sine of 
45 degrees, let the arch F O be drawn cuttingthearca CK in O, 
and let A O be drawn and produced till it meer with B C produ- 
ced in P; alſo let it cut the arch BM D in Q, and the ftraighe line 
'DCmR. Ifnow the ſtraight line H 2 be cqual tothe ſtraight 
line D R, and being produced to DC insS cutoff DS equalto half 
the ſtraight line B P; I ſay then the Staight Line BP will be e- 
qual to the Arch B MD. 

For ſeeing P BAand A DR arclike triangles, it will beas Þ B 
to the Radius BAor AD,ſoADtoDR; and therefore as well 
PB, ADand DR,asP B,A D (or A 9) and 2 H are in continu- 
all proportion; and producing H O to D C in T, DT will be equal 
to the Sine of 45 degrees,as ſhall by and by be demonſtrated. Now 
DS, DT and D R arc in continual porportion by the firſt Lemms 
and by the ſecond Lemma D C. DS: : $ R. D F arepropartionals. 
And thus it will be, whether BP be equal or not equal to the arch 
of rhe Quadrant BM D. Bur if they be equal, ic will. then be, as 
that part of the arch BMD which is equal to the Radius, is to the 
remainder ofrheſame arch BMD; ſo A 2toH 2, or ſoBC to 
CP. And then will BP and the arch BMD be equal. But ir 
15 not demonſtrated that the Straight Lines H 2 and DR are 
equal , though if from the point B there be drawn (by' the 
conſtruction of the firſt figure ) a Straight Line equal to the 
arch BMD , then DR to H 9, and alſo the halt of the 
Straight Line BP to DS, will always be {o equal, that no incqua- 
lity can be diſcovered berween them. I will therefore leave this co 
be further ſearched into. For though it be almoſt out of doubr;that 
the Straight Line BP andthe arch B M D arc equal, yet that may 
not be received without demonſtration; and means of Demon- 
ſtration the Circular Line admitteth none that is not grounded 
UPon the nature of Flexion, or of Angles. But by that way I have 

already exhibited a Straight Line equal to the Arch of a 2ua- 
drant in the Firſt and Second aggreſſion, I 
c 


It remains that I prove DT tobe equal ro-the Sine of: a5 de- 
| y . 


S. | 
Sl B A produced let AV he taken equal -ro the Sine of 45 de- 
grees ; and drawing and producing VHzit will cut the archof the 
Quadrant CNA inthe midſt inN, and the ſame arch again in 
O, and the Straight line D C in T,fo, that D T will be equal tothe 
Sine of 45 _—_— > or to the ſtraight line AV; allo the Straight 
line V H will be qual to the ſtraight lineH I or the Sine of 60 de 
recs. . 
: For the ſquare of AV is equal to two ſquares of the Semiradius; 
and confequently rhe ſquare of VH is equal to three Squares of 
the Semiradtus. But HI is a mean proportional berween the Semi- 
radius and three Semzradz; and therefore the ſquare of HI is e- 
qual to three Squares of the Semiradius. VVheretore H I is equal 
to H V. But becauſe A D is cut in the midſt in H, therefore V H 
and H T are equal, and therefore alſo DT is equal tothe Sine of 
45 degrees. In the RadiusBA let BX be takenequal to the: Sine 
of 45 degrees; for fo. V X will be cqualt& the Radius; andit will 
beas VA to AH the Semiradius, ſo V X the Radius to X N the 
Sine of 45 degrees. VhereforeV H produced paſſes through N. 
Laſtly, upon the center V with the Radius VA let the arch of a 
circle be drawn cutting VH in Y; which being done Y will be e- 
qual ro H O (for H O 15 by conſtrution equal to the Sine of 45 de- 
grees)and YH will be equal to OT;& therefore VTpaſles through 
O.All which was to be demonſtrated, 

I will here add certain Problemes, of which if any Analyſt can 
make the conſtruction , he will thereby be able to judge clearly of 
what I have now ſaid concerning the dimenfion of a Circle, Now 
theſe Problemes are nothing elſe (at leaſt to ſenſe) but-cettain 
ſymptomes accompanying the conſtruction of the firſt and third fi- 
gure of this Chapter. | | 

Deſcribing therefore again the Square ABCD (in the fifth fi- 
gure)and the three Cas ABD, BC Aand D:AsC,let the 
Diagonals AC & B D be drawn;cutting the arches BH D & CIA 
in the middle inH andI, & the Araipht lines EB F and G Lzdivi 
ding the ſquare ABCD into four equal ſquares , and riley 
thearches BHD and CI A,namely,BHD in Kand M,and CL 
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in'MenttO. 'Then:dividing thearch BKamnthe:midibin Þ , ler 
QP the Sine of | _ = be drawn =_m roduced to R, ky 

;be double ro-Q P;; and conneing KRyterivboproducedone 
_ toB:C:in'S,andthearherway toBA producethin T,. Alſoler 
B Vibe made tripteroB'S$,andconfequently. (by:the'ſecond article 
of rhjs' Chaprer).equall to thearchB D. This :conſtruQion is the- 
ſamewith tharof the'firft figure, which thought fic rg renew 
ons; oh of all lines but | ſuchas.are neceſfary :for my.preſent 

urpole. 
: Inchofclplae thereforegut :AV be drawn ,- cutting the arch 
BHD.in X;and the ſide D C in Z, I deſire fome Analyſt would (if 
he can) give areaſon, Why the ſtraightlines T:E and F-C-thould 
cut:thearchBD cheonem Y;the other info as tro make.rhe arch 
BY equal tothearchY X ; or.it they be not equal, that he-would 
determinetheir difference. 

 Secondly,ifimthe ſide D Azthe ſtraight line Du be taken equal 
2o:DZ,and'V-abe drawn ; VWhy'V aand V B ſhould be.equal ; or 
if rhey-benovequal , Whar'is the difference. 

Thirdly, dtawing:Z'4 parallel and equal ro the fide C B, cutting 
mearchBH-Din c,and drawing the {traight linc:As, and produ- 
EWgirto BV ind;\Why Ad ſhould be equal and omlletro che 
fraighr lines V, and con{cquently:equal alforo thearch BD. 

'Fourthly,drawing e'K.the'Sine of thearch B K;8& taking (ine A 
produced) ef _ rothe Diagonal AC, and 'connefting f' C:; 
Why f C ſhould paſs througha (which point:being given , rhe 
dength of thearch BH D is alfogiven) lp andwhy fe and fc 
ſhould be equal ; or-if 'not, why unequal. 

Bitfthly, deawing f'Z, I deſire he would ſhew, Why it is equal to 
'BV.,orto the archB D; or if theybe norequal, What is their dif- 
Ference. 

Sixtly , granting fZ to be equal tothearchBD , I deſire he 
would determine whether it fall all withourthearch BC A,or cut 
the fame; or touch it, and in what point. 

Seventhly,the Semicircle B D g'being completed; Why gl be- 
"ing drawn and produced, ſhould paſs through X (by which point 
X'he length ofthe arch BD is determined).And the ſame #& 7 be- 
 ngyerfurther producedto D:*C:inh; Why Ad-(which-is cqual 
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£0. the. arch B. D/). ſhould paſs: through: that” point: kh. 

Eighthly, upon the Center of the ſquare BC.D, whichlet be 
k, the arch of. the quadrant Ez:L being drawn, cutring} e K produ- 
-n in ;;, Why the drawn ſtraight line : X ſhouldbe-pacalletrothe 
ſlide C D. 

Ninthly, in the ſides B-A-and B C tiking' Bland: Bz» ſeverally 
equalto halt BV,ortorhe arch BH, and drawing mx 1 
and equal tothe fide BA, cutting the arch BD: inoz, VWhythe © 
ſtraight line wich connects V./ ſhould paſs througtfrhe- point: e, 

Tenthly , I would know of him , Why.the ſtraight line which ; 
conne&s & H ſhould be equal to Bm; or ifnot,. how-much ir: differs = 


from it. © 

The Andlyſt that can. ſolve theſe Problemes without knowing 
firſt the lengrh of the arch B D, or uſingary.other known-Method 
then that which proceeds by. perpetual biſe&ion of an angles or'is 
drawn from the *aderetges dra of Flexion, ſhall do 
more then ordinary Geometry'is able ro-pertorm. Bur if the Di- 
menſion of a Circle cannor|be found by any other-Method'; thenL 
have either found it, or its not at all ro be found. 

From the known Length of the Arch of a Quadrant, and/from 
the IR—_—_ Diviſion ot the Arcit and of the Tangent BC,may 
be deduced the Section of an Aygle into any given proportion; as 
alſo the Squaring of the Circle, the $quaring of: a given Sector, 
and many the like propoſitions,which iris nor neceſſarp-here to de- 
monſtrate, I will therefore onely exhibir a Straight line equalto 
the Spiral of Archimedes, and ſo diſmiſs this ſpeculation. 

5 The length of the Perimeter of a Circle being found,. that 
Straight line is alſo: found , which touchesa Spiral at rheend 
of irs firſt converſion. Forupon the center A (inthe ſixth figure} 
let thecircle BCDE bedefcribed; and init let Archemedes' his 
Spiral AFGHB be drawn,. beginning at A and endinz arB. * 
Throuzh the center A let the ſtraight line C E be drawn, curri 
the Diameter B D atright angles. and lerit be produced'to I;ſo, 
that AI be cqual to the Perimeter BC DEB. Therefore I Bbe- 
ing drawn will touch the Spiral AF G HB-in B, whichis demen- 
ſtrated by Archimedes in his book de Spiralib:x, 
| And fora Straight Line equal to the given Spiral A-FGH B 
1tmay be found thus. 

G T 2 Let 
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Let the ſtraight line AI (which is equal to-the Perimeter 
BCDE) be biletedinK; and taking K L equal to the Radius 
A B, let the yetangleI Lbe completed. Let M L be underſtood to 
be the axis, and K L the baſe of a Parabola, and let M K be the 
crooked line thereof. Now if the point M be conceived to be fo 
moved by the concourſe of two movents,the one fro I M to KLwith 
velocity encreaſing continually in the ſame proportion with the 
Times, the other from M L to I K uniformly, that both thoſe moti- 
ons begin togetherin M and end in K ; Gal;le#s has demonſtrated 
that by ſuch motion of the point M, the crooked line of a Parabo'a 
will be deſcribed. Again, it the point A be conceived to be moved 
uniformly in the ſtraight line A B, and in the ſame time to be car- 
ried round upon the center A by the circular motion of all the 
points between A and BzArchimedes has demonſtrated that by ſuch 
mot1on will be deſcribed a Spiral line, And fceing the circles of 
all theſe motions are-concentrick in A, and the interiour circle is 
alwayes leſſe then the extcriour in the proportion of the times 
in which A B is paſſed over with uniform motionzthe velocity alfo 
of the circular motion of the point A, will. continually encrcafe 
proportionally to the times. And thus far the generations of thePa- 
rabolical line M K,and of the Spiral line AF GH B, are like. Bur 
the Uniform motion in AB concurring with circular motion inthe 
Perimeters of all the concentrick circles , detcribes that circle, 
whoſe center is A, and Perimeter BC DE ; and therefore thar 
circle is (by the Corel, of the firſt article of the 16 Chapter) the 
aggregate of all the Velocitics together taken of the pofnt A whil(t 
it deſcribes the Spiral AFGH B. Allo therefangleI K L M is 
' theagerezate of all the Velocities together taken of the point M, 
whileſt it deſcribes the crooked line M K. And therefore the whole 
velocity,by which rhe Parabolicall line M K is deſcribed, is to the 
*whole velocity with which the Spiral line AF GH Bis deſcribed 
in the ſame time, as the reftangle I K LM, is tothe Circle BCDE, 
that is to the triangle ATIB, But becauſe AI is biſe&ed in K & the 
ſtraight lines LM & A Bare equal, therefore the retangle I KL M 
ang the triangle AI Bare allo equal. Wherefore the Spiral 
lineAFGHB, and the Parabolical line MK , being deſcribed 
with equal velocity and in equal times, arc equal to one another, 


Now in the firſt article.of the.18 Chapter a ſtraizht line is found: 
out 
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Pattz, MOTIONS & MAGNITUDES, 229 
out equal to any Parabolical line, Wherefore alſo a Straight line is 
found out, equal to a given Spiral line of the firſt revolution deſcri- 
bed by Archimedes, which was to be done. 4 | 

6 In the fixth Chapter, which is of Methed, that which Iſhould 
there have ſpoken of the Azalyticks of Geomerricians , I thought 
fit to deferre, becauſe I could not there have been underſtood , as 
not having then ſo much as named Lrnes, Superficies, Solids,E qual and 
#nequal &fc. Wherefore I will in th.1s place fer down my thoughts 
Concerning It. " 

Azalyſis , is continual Reaſoning from the Definitions of the 
terms of a propoſition we ſuppoſe true , and again from the 
Definitions of the terms of thoſe Definitions , and ſo on, till 
we come to ſome things known , the Compoſition whereof 
is the demonſtration of the truth or falſity of the firſt ſuppo- 
ſition; and this Compoſition or Demonſtration is that we call 
Syntheſis. Aralyticatheretore is that art , by which our reaſon pro- 
ceeds from ſomething ſuppoſed , ro Principles , that is, to prime 
Propoſitions; or to ſuch as are known by theſe, till we have fo ma- 
ny known Propoſitions as are ſuſhcient for the demonſtration of 
the truth or fallity of the thing ſuppoſed. Syatheticais rhe arr it ſelf 
of Demonſtration. Sytheſis therefore and Analyſis differ in nothing, 
but in procceding forwards or backwards ; and Logiftica compre- 
hends both. So that in the Azalyſis or Syztheſis of any queſtion, rhat 
is to ſay, of any Probleme,the Terms of all the Propoſitions ought 
ro be converrible z or if they be enunciated Hyporhetically , the 
truth of the Conſequent ought not onely to follow ont of the truth 
of its Antecedent, but contrarily alſo the truth of che Antecedent 
muſt neceſſarily be inferred from the truth of the Conſequent.For 
otherwiſe, when by Reſolution we are arrived at Priticiples, we 
cannot by Compiſſicn return dire&ly back to the thing fought 
for, For thoſe Terms which are the firſt in Apalyſis, will be the laſt 
in Syathefis; as for example, when in Reſol:24g, we ſay, theſe two 
ReQtangles are equal and therefore their ſides are reciprocally 
proportional, we muſt neceſſarily in Compewr. 425 fay , the ſides of 
theſe Rectangles are reciprocally proportional and therefore the 
ReRangles themſelves are equal; Which we could not fay, n!efs 
Refangles have their ſides rectvrocally proportienal , and Reftlangles are e- 
gual, were Terms convertible, 


= 


Now ' 


And ſeeing Azalyſis is reaſoning from ſomething ſuppoſed, till 
we come to Principles, that 1s,to Definitions, ar to Theoremes for- 
merly known;and ſ{ceing the ſame reaſoning tends inthe laſt place 
to ſome Equation; we can therefore makeno end of Reſolving, till 
we come ar laſt toghe cauſes themſelves of Equality and Inequali- 
ty, or to TheoremeNMformerly demonſtrated from. thoſe cauſes ; 
and ſo have a ſufficient number of thoſe Theoremes for the. de- 
monſtration of the thing ſought for. 

And ſeeing allo, that the end of the Azalytichs, is either the con- 
ſtruQion of {uch a Probleme as is poſhble , or the deteCtion of the 
impoſſibility thercot;whenſoever the Prableme may be ſolved,the 
Azalyſt muſt not ſtay,till he come to thoſe things which contain the 
efficient cauſe of that whereof he is to make conſtruction, But he 
muſt of neceſflity ſtay. when he comes to prime Propolitions; and 
theſe are Definitions, Theſe Definiti ons therefore muſt contain 
the efhcient cauſeof his Conſtruction ; I ſay. of his Conſtruction, 
not of the Concluſion which he demonſtrates; for the cauſe of the 
Concluſion is contained inthe premiſed propotitions; that 1s to 
ſay,the truth of the propoſition he proves, 1s drawn from the pro- 
pofitions which prove the ſame. But the cauſe of his conſtructi- 
onis in the things themſelves, and conſiſts in motion, or in the 
concourſe of motions. VVherefore thoſe. propoſitions in which 
Analyfis ends, are Definitions, but ſuch, as ſignifie in what manner 
the conſtruction, or £ cneration of the thing proceeds. For other- 
wiſe, when he gocs back by Syntheſis tothe proofe of his Probleme, 
he will come trono Demonſtration art all z there being no true De- 
Mmonſtration but ſuch as is ſcientificall ; and no Demonſtration is 
{cientifical but that which proceeds from the knowledge of che 
cauſes from which the conſtruction of the Probleme is drawne.To 
colle& therefore what has been ſaid into few words; ANAL Y- 
SIS 7s Ratioctnation from the ſuppoſed conſtrufiion or generation of a 
thing to the efficient cauſe , or coeffucient cauſes of that which 1s conſtrutied 


or generated, And SYNTHESIS 15 Ratioctnation from the firft _ 
es 


ſerof the Gonfiratiion, continued trough! the midlle cauſe | 
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generatet., 'or the ſame'Probleme'be conſtructed, there- 

fore neither doall Geometricians , nor dottythe'fame 'Geomerri- 

cian alwayes uſc:one and 'theiſame Method, For-if toa.cerrain 

quantity:given, it be required ro conſtruct another quanti tl, 

raeremay be ſome that.will enquire whether this ans x 

by means of ſome:morion. For there are quantities, whoſe-equali- 

ry.and incquality may be argued from Motion and Time, as well 

as from Congruence ; and rhere is motion, bywhich-rwoquanti- 

tics, wherher Lines or'$uperficies, though one of them'be-crook- 

ed;rhe other ſtraight, may be'made congruous or coincident. And 
this method Archimedes made uſe of in his'Book -deSprralibus, Alto 
the equaliry or inequality of rwo quantities maybe tommd aut and 

demonſtrated from 'the-confideration of VWaight , as-the ſame 

Arrhemedes.did in his Quadrature of the Parabola, Befrdes;equdliry 

and equalityare found out often by the diviſion of the two quaniti- 

tycsinto parts which are conſidered as undiviſible ; aFCavalterns 

Bonaventura has done in-our time , and Archimedes often. 'Laftly, 

the.fame is performed by the conſideration of the Porers of 'tnes, 
or:theroots of 'thoſe Pavers, and by 'the multiplication , divifion, 
addition and ſubſtra&ion ,-as allo by the extration of: the roots of 
thoſe Pewers, or by finding-where {traighrlines of rhe ſame;pro- 

ortion terminate. For example , when any number of ftratghr 
lines » how many ſoever, are drawne from a ſiraight line,.and 
fle all through the ſame point, looke what proportion they 


have, and if their parts- continued from the point -reraine every + 


wherethe ſame proportion ,' they ſhall all rerminare fn-aftraight , 
line. And the ſame” happens if the point be taken between two - 
Circles. $v that the 'places of all 'their- points of termination 
make cither ſtraight lines, or circumferences of Circles, and 
arecalled Pla Places, Soalſo when ſtraight parallel lines are 
applyed 'to one ftraizhe line , if the parts of the ſtraight line 
rowhich they arc:applyed beto one another in proportion dupli- 
cate to that otthe- contrguons appped lines, they will all cermi- 
nate a Conical Section ; which Seftian being rhe place of their 
_ ter- 
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termination , is called a Sdid Place, becauſe it ſerves for the find-" 
ing out of tae quantity of any Equation which conliſts of. three di- 
menſions. There are therfore three ways of finding out the cauſe of 
IPDY or Inequality between two given quantities;namely,Firft 
by the Compuration of A:10-5( tor by equal Motion,& equalTime 
equal Spaces are deſcribed, ) and Ponderation is motion; Se- 
condly By 1nd: uiſitles ; becauſe all the parts together taken are 
equal to the whole. And thirdly by the,Pozers; for when they 
are equall, their roots alſo are equal; and contrarily , the Porers 
are equall,when their roots ate equa]. But if the queſtion be much 
complicated, there cannot by any of theſe wayes be conſtitured a 
certaine Rule,from the ſuppoſition of which of the unknown-quan- 
tities the Azalyſis may beſt bent ; nor out of the variety of Equa- 
tions that at firſt appeare , which we wcre beſt to chooſe; but 
the ſucceſſe will depend upon dexterity , upon formerly ac- 
quired Science, and many times upon fortune. 

For no man can ever be a good 'Azalyſt without being firſt a 
goodGeometrician ; nor do the rules of Azalyis make a Geo- 
metrician as Syztheſis doth ; which begins at the very Elements, 
and proceeds by a Logical Uſe of rhe tame. For the true teaching 
of Geometry is by Syztheſss, according to Exclides method ; and he 
that hath Euclzde for his Maſter, may be a Geometrician withour 
Vieta (though Yieta was a moſt admirable Geometrician) ; but he 

that has YVieta for his maſter, not ſo, without Euclide, 

And as for that part of A-alyſis which works by the Powers, 
though it be eſteemed by ſome Geometricians (not the chiefcſt) to 
be the beſt way of ſolving all Problemes, yet it isa thing of no 

_ great extent ; it being all contained in the doErine of refangles, 
and reCangled Solids. So that although they come ro an Equarti- 
on which-determincs the quantity ſought , yet rhey bs. 
times by artexhibir that quantity in.a Plain, but in ſome Conique 
Section; that 15, as Geometricians ſay,not Geometrically,but me- 
chanically.Now ſuch Problemes as theſe, they call Solzdzand when 
they cannot exiiibit the quantity fought for with the helpe of a 
conique Section , they call ita Lzzeary Probleme. And therefore 
in the quantities of angles, and of the arches of Circles, there is 
nouſe at all of the Aralyticks which proceed by the Powers ; ſo mn 
the 
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ſeed parts, ot ite then mechanically. For Pup ore 
the 31 vo oſirion of his fourth Book) diſtinguiſhing 5p defining 
the ſeveral kinds of Problemes, ſays that ſome are Plain , others 
Solid , and others Lineary. Thoſe therefore which may be ſclued by 
ſtraight lines and the circumferences of Circles (that is , which may 
be deſcribed with the Rule and Compals , without any other In- 
ſtrument) are fitly caled Plain ; for the lines by which ſuch Problemes 
are found out , have their generation in a Plain, But thoſe which are 
ſelved by the uſing of ſome one or more Contque Seftzons in their con- 
ſtruftion, are called Solid, becauſe their conſtruttion cannot be made with- 
out uſing the ſuperficies of ſolid figures, namely of Cones, There remains 
the third kinde, which us called Lineary, becauſe other lizes beſides thoſe 
already mentioned are made uſe of in therr conſtruftion, &rc. And a 
little after he ſayes , Of this kinde are the Spiral lines , the Qua- 
dratrices, the Conchocides, and the Cifloeifles. And Geometri- 
cians think it no ſmall fault , when for the findirg out of a Plain 
Probleme any man makes uſe of Coniques , or ew Lines, Now 
he ranks the Triſe#on of an angle among Solid Problemes, and the 
2uinqueſetion among Lizeary, Lut what! are the ancient Geome- 
tricians to be blamed, who made uſe of the 2uadratrix for rhe 
finding out of a ſtraight line equal tothe arch of a Circle > and 
Pappwe himſelf, was he faulry when he found our the triſe&ion of 
an Angle by the help of an Hyperbole? Or amT in the wrong, who 

think I have ſound out the conſtruction of both theſe Problemes 
the Rule and Compals onely > Neither they, norI. For the Anct- 
ents made ule of this Azalyſis which ——_— by the Powers ; and 
with them it was a fault to do that by a more remote Power, 
which might be done by a neerer ; as being an argument that they 
did not {ufticicntly underitand the nature of the thing. The virtue 
of this kind of A-alyſis conſiſts in the changing and turning and toſ- 
ſing of ReCtangles and Analogiſmes ; and the skill of —— 
meer Logick , by which they are able methodically ro find out 
whatſoever lies hid either in the Subje& or Predicate of the Con- 
cluſis ſought for.Bur thisdoth not properly belong to-Algebra,or the 
Analyticks Specrous, Symbalical or Coſiick ; which are, as I may fayzthe 
Brachygraphy of the Apalyticks, and an 74 » heither of man nor 
H ; arn- 
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Cnae, XXI. 
Of Circular Motion. 


1 In Simple Motion, every Straight Line taken in the Body moved, is ſo ear» 
ried, that it is always parallel to the places in — was, $ F 
Circular Motion be made about arefting Center, and inthat Circle there 
an Epicyle, whoſe revolution is made the contrary way, in ſuch manner, that 
# _ rinses it makg equal ang les,every Straight Line taken inthatEpicycls 
will be ſo carried, that it will alwayes be parallel to the plates in whith it for 
merly was, 3} The properties of Simple Motion, 4 If a finid Bi 
be moved with ſimple Circular Motion, all the taken in it will dew 
ſeribe their» Circles in timas propertional 19 rhe dift-avices the Centey, 
5 Simple Motion diſſipates Heterogeneams and comgregates H 
Bodies, 6 If aCircle made by a Mevem moved with Simple , 
be commenſurable to anether Circle made by 4 point which ts carried about 
by the ſame CMovent, all the poims of beth the Circles will at ſome tines 
return tothe ſame ſitnation, 7 If a Sphere have Simple Motion, its 
IAMotion will more diſſipate Heterogeneous Bodies by how mwuch it is maye ve- 
more from the Poles, 8 If the Serople Cirentar © Motion of a flwid Body he 
hindered by a Body which is not fluid, the fluid Body will fpread it ſelf apou 
the Super ficies of that Body, g Circular Motion abont a fixed Cortory 
caſteth off by the T awugent ſuch things as lie  - the Cirewniference and ſtick. 
not to it. To Such things 4s are moved with Simple Circular Moti- 
tion, beget Simple Circular Motion. 1t If that which is ſo moved have 
oxe ſide hard, and the other fide fluid, its Motion will not be perfott hy Cira 


Eeulay. 


$ Have already defined Simple Motzon to bethat, inf 
Fa which the ſeveral points taken in a moved Bodyao 
in ſeveral equal rimes deſcribe ſeveral cqual arch- 
cs. And therefore in Simple Circular Motion it 
is neceſſary rhat every Straight Line taken inthe 
Moved Body be alwayes carried parallel to itſelf ; which I ths 
demonſtrate. R 
Firſt, let A B (in the firſt frgure } be any Straighr Line raken in 

Hh a any 
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any Solid Body ; and let AD be any arch drawn upon any Center 
C and Radius C A. Let the point Bbe underſtood to deſcribe to- 
wards the ſame parts the arch BE, like and equill tothe arch 
A D. Now in the ſame time in which the point A tranſmits the 
arch A D, the point B ( which by reafon of its ſimple motion is 
{uppoſed to be carried with velocity equall to rhart of A) will 
tranſinit the arch BE ; and at the endof the ſame time the whole 
A Bwillbein DE; and therefore AB and DE are equall. And 
ſecing the arches A D and BE are like and equall, their ſubtend- 
ing ftraightlines A Dand BE will alſobe equall, and therefore 
the four {ided figure ABDE will bea parallelogram. Where- 
fore A B is carried parallel to it ſelfe. And the ſame may be pro- 
ved by the ſame method, it any other ſtraight line be taken in rhe 
ſame moved Body in which the ſtraight line A,B was taken. $0 
that all ſtraight lines taken in aBody moved with Simple Citcular 
Motion will - carried parallel to themſclves. 

Corall, x Tt is manifeſt that the ſame will alſo happen in an 
Body which hath Simple Motion , though not Circular. For all 
the points of any ſtraight line whatſoever , will deſcribe lines 
though not Circular , yet equall ; fo that though the crook- 
ed lines AD and BE were not arches of Circles, but of Para- 
bolus, Ellipſes, or of any other figures ; yet both they, and their 
Subtenſes , and the ſtraight lines which'joyne them , would be c- 
qual and parallel. 

Coroll, 2 It is alſo manifeſt , that the Radsi of the equall circles 
A D and BE, or the Axis of a Sphere, will be ſo carried, as to be 
allwayes parallel to the places in which they formerly were. 
For the ſtrajzght line BF drawn to the center of the arch BE be- 
ing equall to the, Radius A C , will alſo be cquall to the ſtraight 
lineFEorCD; andthe angle BFE will be equall to the angle 
A CD. Now the interſeCtion of the ſtraight lines C A and BE, 
being at G,the angle C GE (ſeeing BE and AD are paralle!)will 
be equal to the angle D A C. But the angle E BF is equalto the 
{ame angle D A C; and therefore the.angles CG E andE B Fare 
alſoequal. Wherefore AC and B F are parallel ; which was to 
be demonſtrated. | 

2. Let there be. a Circle given (in the ſecond figure), whoſe 
| CCnter 
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center is A, and Radius ABy and upon the center B and any Ra- 
dius B C let the Epicycle C DE be deſcribed. Let the center B 
be underſtood to be carried abour the center A, and the whole E- 
picycle with it till it be coincident with the Circle F GH, whoſe 
center is I ; andletB AI be any angle given. Bur in the time that 
the center Bis moved to], let the Epicycle C DE have a contra- 
ry revolution upon its own center, namely from E by D ro C ac- 
cording tothe ſame proportions ; that is, in fuch manner, tharin 
both rhe Circles, equal angles be made in equal times. Ifay E C 
the Axis of the Epicycle will be alwaycs carried parallel toir 
ſelf. Lerthe angle F1G be made equal tothe angle BAI; IF and 
A B will theretore be parallel; and how much the Axis AG has 
departed from its former place A C (the meaſure of which pro- 
ortſfion is theangle CAG, or C B D which I _ equal to 
it), ſo much in the ſame time has the Axis IG (the ſame with 
B C)departed from its own fcrmer fituartion, Wherefore, in whar 
time B C comes to I Gby the motion from B roI upon rhe center 
A,in the ſame time G will come to F by the contrary motion of rhe 
Epicya; that is; it will be turned backwards to F,&IG will lie in 
I F, Bur the angles FI Gand G AC are equahand therefore A C : 
that 1s,B C),and I G,(that is the Axis, though in diffegent places) 
will be parallel. Vheretore, the Axis of the Epicycle E D C will 
be carried alwayes parallel to it ſelf; which was tobe proved. 

Coroll. From hence it is manifeſt, rhat thofe rwo annual Motions 
which Coperaiews alcribes to the Earth , are reducible to this one 
Circular Simple Motion,by which all the points of the moved Ro- 
dy are carried always with equal velocity, that 1s , in equal times 
they make equal revolutions uniformly. 

This, as it is the moſt ſimple, fo it 15 the moſt frequent of all 
Circular Motions ; being the ſame whiich ts uſed by all men when 
oy turn any thing reund with their arms , as they do in grinding 
or ſifting. For all the points of the thing moved , deſcribe lines 
which are like and equal to one another. So that if a man had a . 
Ruler, in which many Pens-points of equal length were faſtned, he 
might with this one Motion write many lincs at once. 

3 Having ſhewed what Simple Motion is, I will here alfoſet 
down ſome properties of the ſame, | 

- F irit, - 
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Firſt, when a Body is moved with Simple Mation in a Quid Me- 
dium which hathno vacuity , it changes che faruarion of all the 
parts of the fluid ambient which reliſt irs motion ; I ſay there afe 
no parts ſo ſmall of rhe fluid ambient, how farre ſoever it be con- 
rinued, but do change their ſituation, in ſuch manner, as that they 
leave their places continually to other ſmall parts that come into 
the ſame. We 

For (in the ſame ſecond figure) let any Body, as KLMN, be 
underſtood to be moved with Simple Circular Motion;zand let the 
Circle which every point thereof deſcribes have any determined 
quantity, ſuppoſe that of the ſame K L M N, Wherefore the Cen- 
ter A, and every other point, and con{equently rhe moved Body it 
ſelf, will be carried ſometimes towards the fide where is K, and 
ſometimes towards the other {ide where is M. VVhen therefore 
itis carried to K;, the parts of the fluid Medium on that fide will 

o back; and (ſuppoſing all ſpace to be full ) others on the other 
Ge will ſucceed, And o it will be when the Body is carried to the 
ſide M, and to N, and every way. Now when the neereſt parts of 
- the fluid Medium go back, it is neceſſary that the parts gext to 
thoſe neereſt parts go back alſo; and (ſuppoſing till all ſpace to 
be tull)orher parts will come into their places with ſucceſſion per- 
perual and infinite. Wherefore all, even the leaſt parts of the fluid 
Medium chanvte their places, &c. which was to bh proved, 

It is evident from hence, that Simple Motion , whether Circu- 
lar, or not Circular, of Bodies which make perpetual returns to 
their former places, hath greacer or leſs force to diſſipate the 
parts of reſiſting Bodies, as it is moje or leſs (wift, and as the lines 
deſcribed have greater or leſs magyitude. Now the greateſt Velo- 
city that can be, may be underſtood to be in the leaſt circuit, 
and the leaſt in the greateſt ; and may be ſo ſuppoſed when there 
isneed. . 

4 Secondly , ſuppoſing the ſame Simple Motion in the Aire, 
Water, or other fluid Medium ; the parts of the Medium which 
adhere to the Move Body will be carried about with the ſame 
Motion and Velocity , ſo that in what time ſoever any point of 
the Movent finiſhes irs Circle, in the ſame time every part of 
the Medium which adheres to the Movent, ſhall _ = 
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feribe fuck: a parr of irs Circle , as'is- equal ro 
Circle of rhe Movent ; I fay it ſhall deſcribe #'parr, and nor rhe 
whole Circle, becanfe all its parts receive their morion from an 
interiour concentrique Movent, and of Concentrique Circles the 
exteriour are alwayes greater the the interiour; nor can the mo- 
tion imprinted by any Movent be of greater Velociry then that of 
the Movent it ſelf, From whence it follows, that the more remore 
arts of rhe fluid ambient;ſhall finiſh their Circles in times which 
hve ro one another the ſame proportion with their diſtances 
from the Movent. For every point of the fluid ambient, as long as 
it toucherh the Body which carries it about, is carried abourwith 
it, and would make the ſame Circle , but thar it is left behind ſo 
much as the exteriour Circle exceeds the interionr, Sothar if we 
fuppoſe ſome thing which is nor fluid to float in that part' of rhe 
fluid ambient which is neereſt to the Movent, ir will rogerher 
with the Movent be carried abour. Now that part of rhe fluid am- 
bient which is not the acereſt but almoſt the neereft, receiving irs 
degree of velociry from the neereſt , ( which' degree cannor be 
greater then it was in the giver) doth therefore in rhe ſame time 
make a Circular Line, not a whole Circle, yet equal to the whole 
Circle of the necreſt. Therefore in the ſame time that the Movent 
deſcribes its Circle,that which doth not touch it ſhall nor defcribe 
irs Circle ; yet it ſhall deſcribe ſuch a part of it, as is equalta the 
whole Circle of the Movent. And after the ſame manner;the more 
remote yon of the ambient will deſcribe in the ſame time fuch 
parts of their Circles as ſhall be ſeverally equal to the whole Cir- 
cle of the Moventz and by conſequent they ſhall finiſh their 
who'e Circles in times proportional to their diſtances fromthe 
Movent; which was to be proved. 

5 Thirdly, The ſame Simple Motion of a Body placed in a flujd 
Medium, congrezates, or gathers imto one place ſuch things as na- 
turally Hoat in that Medjum, it they be Homogencous;and if they 
be Heterogeneous, it ſeparates and diffipates them. But if ſuch 
things as be Heterogeneous do not Hoat , but ſettle, then the ſame 
Morton ſtirs and! mingles them diſorderly togerher: For feeing 
Eodies which are vnlike.toone another , thar 15, Heterogeneous 
Bodies,arc not unlike in that they are-Bodies(for Bodies;as _ 
. ave- 
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have no.difference)but onely from ſome ſpecial Cauſe;that is,from 
ſome internal Motion;or Motions of their ſmalleſt parts(for I have 
ſbewn, in the gth Chapter and gth Article, that all Mutation is 
ſuch Motion), itremains that Hetcrogeneous Bodies have their 
unlikeneſs or differenc2 from one another from their internal or 
ſpecifical Motions, Now Bodies w*Þ have ſuch difference, receive 
unlike & different Motions from the ſame external common Mo- 
vent ;, and therefore they will not be moved together , that is to 
ſay, they will be diſſipated. And being diſſipated they will necel- 
ſarily art ſome time or other mcet with Bodies like thnemſelves,and 
be moved alike and tozerher with them z and afterwards meeting 
with more Bodics like rhem(clves , they will unite and become 


greater Bodies. Wherefore Homogeneous Bodies are congre- - 


ated, and Heterogenous diſſipated by Simple Motion in a Me- 

ium where they naturally float. Again ſuch as being in a fluid 
Medium, do not float, but ſink, if the Motion of the fluid Medium 
be ſtrong enough, will be ſtirred up and carried away by that Mo- 
tion, and conſequently they will be hindred from returning to that 
place to which they fink naturally, and in which onely they would 
unite, and out of which they are promiſcuouſly carried , that is, 
they are diſorderly mingled. 

Now this Motion by which Hornogencoys Bodies are congrega- 
ted, and Hetcrogencous are ſcattered, is that which 1s commonly 
called Fermentation, from the Latine Fervere yz as the Greeks have 
their Zyuy (which ſignifies the ſame) from Zz, Ferveo, For Sceth- 
112 makes all the parts of the Vater change their places; and the 
parts of any thing that is thrown into it, will go ſeveral wayes ac- 
cording to their ſeveral natures. And yet all Fertcy or Scething is 
not cauſed by Fire ; for New Wine and many othcr things have 
alſo their Fermentation and Ferwtor, to which Fire contributes lit- 
tle, and ſome times nothing. But when in Fermentation we find 
Heat, it is made by the Fermentation. : 

6 Fourthly, in what time ſoever the Movent whoſe Center 1s 
A in the 2d figure) moved in K LN ſhall by any number of revo- 

lutions(rhat is,when the Perimeters BI and K L N be commenſu- 
rable) have deſcribed a Line equal to the Circle which paſſes 


through the points Band I;in the ſame time all the points - the 
loat- 


_ Of the PRO PORTIONS of © 08 Partz: 


_- 


_————_—— - 


Pare3- MOTIONS & MAGNITADES.. 24T 
floating Body whole Center is B, ſhall remnen to have the ſame fi- 
marion in refpeR of the Movent, from which they departed. For 
fecing itis as the diſtance B A, that is, as the Radius of the Circle 
which paſſes through BI, is to the Perimeter it felf BI, ſo rhe Re- 
dius of the Circle K LN is to the Perimeter K L Nzand ſeeitis the 
velocities of the points Baud K are equal, rhe time alfo of rhe re- 
volution in I B to-rhe time of one-revolution in K L N,will be as the 
Perimeter BI to the Perimeter KL Nz and therefore ſo many 
revolutions in K LN as tagether raken are equal to the Perimeter 
BI, will be finiſhed in the ſame time in which the whole Perime- 
ter BI is finiſhed; & therefore alſo the points L,N,F & H,or any of 
the reſt, wilt in the fame time rerun tothe ſame firvation from: 
which they departed ; and this may be demonſtrated wharfoever 
be the points conſidered. VWherefore all the-points ſhall in thar 
time return to the ſame ſituation ;. which was to be proved. 
From hence it follows, that if the Perimeters BI and L KN be 


- not commen(ſurable,then all the points wil neverreturn to haverthe 


ſame fituarion or configuration in reſpe& of one another. 

7 In Simple Motion , if the Body moved be of a Spherzeal fi- 
gure, it harh leſs force rowards its Poles then rowards irs middle, . 
xp Heterogeneous), or to congregate Homogeneous Bo- 


Let there be a Sphere (as in the third figure)whoſe Centeris A 
and Diameter B C;& let jt be conceived to be moved with Simple 
Circular Motion; of which Motion ler the Axis bethe Straighr- 
Line DE; cutting the Diameter B C at right angles in A.Lee now 
the Circle which is deſcribed by any point Bot rhe Sphere, have 
BF for irs Diameter; and taking F G equal to B C, and dividing tt 
m the middle in H, the Center of the Sphere A, will when halt a- 
revolution is finiſhed, lie in H. And ſeeing HF and AB arec- 
qual, a Circle defcribed upon the Center H: with the Radius HF 
or H G,will be equal to the Circle whoſe Centeris A and Radius 
AB. And if the faine Motton be continued, the point B will at the- 


end of another half revolution return to the place from whence- 
it began tobe moved; and therefore at the end of half q reyoſuti- 
on, the point B will be earried'to F, andthe whole Hemiſphere 

D BE into that —_— m which are the points L, KandF. 

Wherfore that partof r 


he fluid Medium which ts cotignous tothe 
Ii. point: 
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intÞ, will in the ſame time go back the length 'of the Straight 
inc BF; and in the rerura of the point F to B, that is, of G to C, 
the fluid Medium wil go back as much in a Straight Line from the 
point C. And this is the effect of Simple Motion in the middle of 
the Sphere,where the diſtance from the Poles is greateſt. Let now 
the point I be taken in the ſame Sphere neerer to the Pole E , and 
through it let the Straight Line IK be drawn parallel to the 
Straight Line BF,cutting the arch F L in Kz8 the Axis HL in M; 
then conneing HK,upon HF ler the perpendicularKN be drawn. 


In the ſame time therefore that B comes to F,the point I will come 


toK, BF and I K being equal, and deſcribed with the ſame velo- 
city. Now the Motion in IK tothe fluid Medium upon which it 
works, namely to that part of the Medium which is contiguous to 
the point K , is oblique , whereas-it it proceeded in the Straight 
LineHK), it wo perpendicular ; and therefore the Motion 
which procceds in I K has lets power, then that which proceeds in 
HK with the ſame —_ Bur the Motions in HK and HF do 
equally thruſt back the Medium ; and therefore the part of the 
Sphere at K, moves the-Medium lefs, then the part at Fznamely fo 
much leſs, as KN is leſs then H F. Wherefore alſo the ſame 
Motion hath leſs power to diſperſe Heterogeneous, and to congre- 
gate Homogeneous Bodies, when it is neerer,then when it is more 
remote from the Polcs ; which was to be proved. 

Corollary. It is alſo neceſſary, that in Plains which are perpendi- 
cular to the Axis, and more remote then the Pole it ſelf from the 
middle of the Sphere, this Simple Motion have no effe&, For the 
Axis DE with Simple Motion deſcribes the Superficies of a Cy- 
linder z and towards. the Baſes of the Cylinder there is in this 
Motion no endeavour at all. | 

$ It ina fluid Medium, moved about (as hath been ſaid) with 
Simple Motion , there be conceived to float ſome other Spherical 
Body-which is not fluid, the parts of the Medium which are ſtop- 
ped by that ___ will endeavour to ſpread themſelves every way 
upon the Superficies of it, And this is manifeſt enough by expe- 
rience, namely by the ſpreading of water poured out upon a pave- 
ment. But the reaſon of it may be this, Seeing the Sphere A (in 
the 3d figure) is moved towards B , the Medium alſoin which it 


is moved, will have the ſame Motion, But becaule in this Motion 
| it 


ET LI ET ny . 


. dius A B to be ſtricken in the point B by fome other 
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— — pot wnctirmnry of, on; and 

ccing the {mall Medium can nor go forwards,nor cat 
Cokwards of 


. they godirealy avainſt the force of the Movent; it re- 


mayns therefore that they diffuſe themſelves upon the Superficies 
of wt Body, as coneaie© and P, Which node res. 

9 Compounded Circular Motion ( in which all the/parts of 
the moved Body do at once deſcribe Circumferences,fome great- 
cr,others le{s,according to the proportion of their ſeveral diſtances 
from the common Center) carries about with ic fuch Bodies, as 
being not fluid, adhere to the Body fo moved ; and ſuch as do nor 
adhere; ir caſteth forwards in a Straight Line which 15 a-Tangem 
to the point from which they are caſt off. 

For let there be a Circle whole Radius is A B (m the fourth fi- 

ure); and let a Body be placed in the Circumference in B, which 
x it be fixed there, will neceſſarily be carried about with it, as is 
manifeſt of ir ſelf, Bur whileſt the motion proceeds, ler us ſuppoſe 
that Body to be unfixed in B. I ſay the Body wil corinue its'morion 
in the Tangent BC. For letboth the Radius AB,and the Sphere B, 
be conceived to conſiſt of hard marter , and let us ſuppoſe the Ra- 
"Body which 
falls upon it in the Tangent D B. Now therefore there will be a 
motion made by the concourſe of two things, the one, Endeavour 
towards C in the Straight Line D B produced, (in which the Bo- 
dy B would proceed, if it were not retained by the Radius AB); 
the other, the Retention it ſelf. But the Retention 'alohe cauſerh 
no endeavour towards the Center ; and therefore the Retention 
being taken away, (which is done by the js, uy B)-there will 
remain but one Endeavour inB, namely, that in the Tangent BC. 
Wherefore the Motion of the Body B unftxed, will proceed in the 
Tangent B C ; which was to be proved. 
By this demonſtration it is manifeſt , that Circular: Motior' a- 


- bout an unmoved Axis, ſhakes off, and = further from the Cen- 


ter of its motion ſuch things as touch , but do.not ſtick faſt ro its 
Superficies; and the more, by how much the diſtance is greater: 
from the Poles of the Circular Motiony and ſo much rhe more al- 
ſo, by how much the things that are ſhaken off , areleſs driven to- 
wards the Center by the fluid ambient, for other.Cauſes. , 
Li.2 10 
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10 If ina fluid Medium a Spherical Body be cabved-wirh firm- 

ple Circular Morion;and in the fame Medium there foar another 

Sphere whoſe matter is not fluid; this Sphere alſo ſhailbe moved 
with ſimple Circular Motion. 

LetBCD (in the 5th figure) be a Circle, whoſe Center is A, 
andin whoſe Circumterence there is a Sphere ſo movedthar ic 
deſcribes with Simple Motion the Perimeter BC D. Ler alſo 
E FG be another Sphere of Conliftent matter , whoſe Semidia- 
meterisE H, and Center H; and with the Radius AH lerche 
Circle HI be deſcribed.l ſay the Sphere E FG will(by the Monton 
of the Body in B C D) be moved mm the Circumference HI wirh 
Simple Motion. 

For ſeeing the Motion in BCD (by the qd Acticle of this 
Chapter) makes all the points of the fluid Medium defcribe'in 
the ſame time Circular Lines equal to one another , the pomnrs E, 
H and G of the Straight Line E H G willin the ſame time deſcribe 
with equal Rdzzequal Circles, Ler E B be drawn equal andpa- 
rallel to the Straight Line A H; andlet AB be connected, which 
will therefore be equal and parallel to E H ; and therefore allo, if 
upon the Center B and Radius B E the arch EK be drawn equal 
to the arch HI, and the ſtraight Lines AI, BK and IK be drawn, 


 BKand All will be equal, and they will alfobe parallel, becauſc 


the twoarches E K and H L;that is, the ewo angles KB Eand 1 A'H 
are cqual;and _—— the Straight Lines A Band Ki which 
conne&t chem will alto be equal and parallel. Whevetore Ki and 
E H are parallel.Secing therefore E and Hare carriedin'the fame 
time to Kand1, the whole —_—_ Line I'K will be parallel to 
E H, from whence it departed. And therefore, (ſccing'the Sphere 
E FG is ſuppoſed tobe of conſiftent matter, foas all irspoittts 
keepalwayes the ſame fituation) it is noceflary that every orher 
Straight Linc taken in the ſame Sphere,be Ie wo paral- 
lel to the places in which it formerly'was, VWhereforerhe:Sphete 
E F G is moved with fimple Circular Motion z which wastobc 
demonſtrated. -- 

14 If in a fluid Medium,whoſe parts are ſtirreby a Body:mo- 
ved with Simple Motion, there float annother Body ; which hath 
its Superficies cither wholly hard , or wholly fluid ; pan: 

this 


the other {ide fluid , then burh choſe Afotions Gall yor haverke 
ſame center nor {hall the fivating Body be movediavhe Cirount- 
ference of a perfect Cirde. ; 24h? 6" E098 

Let a Body be moved in the Circumference of the 'Ciecle 
MN (in the 2d figure) whole center is A. And let there be another 
Body art I, whole Superficies is either all hard;or all fluid, Alſo let 
the Medium in which both the Bodies are placed, be fluid. I ſay 
the Body at [| will be moved in the Circle I B about the Center A, 
For this has been demonſtrated in the laſt Article. 

Wherefore let the Superficies of the Body at I, be fluid on one 
ſide, and hard on the other. And firſt, let the fluid fide be towards 
the Center. Seeing therefore the Motion of the Medium is ſuch 
as that its parts do continually change their ome (as hath bee 
ſhewn inthe 5th Article); if this change of place be conſidered in 
thoſe parts of the Medium which are contiguous to the fluid $u- 
ficies, it muſt needs be, that the ſmall parts of that on - 
cies enter into the places of the ſmall parts of the Medium 
which are contiguous ts them z And the like change of place will 
be made with the next contiguous parts towards d if the fluid 
parts of the Body ar I;have any degree at all of tenacity (for there 
are degrees of tenacity,asin the Aire and Water)the whole fluid 
{ide will be lifted up a little; but ſo much the leſs, as its parts have 
leſs tenacity ; whereas the hard part of the Superficies which is 
cont iguous to the fluid part, has no caule at all of clevation, that is 
to ſay,no endeavourtowards A. 

Secondly, let the hard Superficies of the Body atI, be rowards 
A. By reaſon therefore of the ſaid change of place of the parrs 
which are contiguous to it , the hard Superficies muſt of neceſſi- 
ty ({ecing by Suppoſition there is no empty Space) either come 
neerer to A, or el{e its ſmalleſt parts muſt ſupply the contiguous 
places of the Medium, which otherwiſe would be empry.But this 
cannot be by reaſon of the ſuppoſed hardneſs ; and therefore the 
other muſt needs be, namely, that che Body come neerer to A. 
Wherefore the Body at I,has greater endeavour towards the cen- 
ter 
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tn bento: ir.chen whenit is aveiged from ir 
But the: in, while it is moving in the cir 'of the 
:Circle I B, has ſometimes one fide, ſometimes another turned to- 
-wards the center; and therefore it is ſomerimes necrer, ſometimes 
further off fromthe center A. Wherefore the Body at I, is not car- 
ried in the circumference of a perfeR Circle ;which was to be de- 
_monſtrated. ; 
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Cuae. XXIL 
Of other V ariety of Motion. 


1 Endeavour and Preſſure how they differ. 2 Two kinds of Mediums is 
which Bodies are moved, 3 Propagation of Motion what it is What 
motion Bodies have when they preſs one another, 5 Fluid Bodies, when they 
are preſſed together , penetrate one another. 6 When one Body preſſeth an=" 


other, and doth not penetrate it , the attion of the preſſi ly us perpendl- 
cular to the $ wper ficies of the Body preſſed. 7 When 5 hd Body, preſſing 


another Body , penetr ates the ſame , it doth not penetrate it perpendicularly, 
unleſs it fall perpendicularly upon it. $ Motion ſometimes oppoſite to that 
of the Movent, 9 Ina full cMedinm , Motion ts propagated to any di-: 
— 10 Dilatation and Contrattion what they are. 11 Dilatation 
and Contratt ion ſuppoſe Mutation of the ſmalleſt parts ig reſpeFt of their fi= 
twation, 12 All Trattionis Pulſion, 13 Snch things as being preſ- 
ſed, or bemt, reſtore themſelves , have motion in their interual parts. 
14 Though that which carrieth another be ffopped , the Body carried will 
proceed, 15,16 The effelts of Percuſſion not to be compared with thoſe of 
Waight. 17,18 CMotion cannot gi firſt in the internal parts of 4 Bo=' 
dy. 19 Attion and Realt ion proceed in the ſame Line, 206 Habit what 


>-rax$ Have already (inthe 15th Chap.at the 2d Article) 
QT defined Endeavour to be Motion through ſome 
Length, though not conſidered as Length, but as 8 
Point, Whether therefore there be reſiſtance or no 

| reſiſtance, the Endeavour will ſtill be the ſame. For 
—_ to Endeavour, is toGo. But when two Bodics having op-. 
poſit 


os ” q uy 


ite Endeavours preſs one another , then the Endeavour of e1- 


ther of them is that which we call Preſſure, and is mutual when 
their preſſures are oppoſite. | 

2. Bodies moved, and alſo the Mediums in which they are mo- 
ved, are of two kinds. For either they have their parts coherent in 
{uch manner, as no part of the Moved Body will eaſily yeild tothe. 
Mouent, except the whole Body yeild alſo,and ſuch are the things: 


we 
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we call Hard, Or elſe their parts, while the whole remains un- 
moved, will eaſily yeild torhe-Movent ; and theſe we call Flu;d ox 
Soft Bodies. For the words Fluid, Soft, Ti ung and Hard ( in the ſame 
manner as Great and Little) are uſed onely comparatively ; and are 
not different kinds, bur different degrees of Quality. 

3 To Do, and to Suffer 15 to Move and to be moved;and nothing 
is moved, bur by that which roucherh it, andis alſo moved, (as. 
has been formerly ſhewn). And how m ſover the diſtance be,. 
we fay the firſt Movent moveth the laſt moved Body;bur mediate- 


hy > namely ſo, as that the firſt moveth the ſecond ,. rhe ſecond the 


hird, and ſo an , till the laſt of all be touched. When therefore 
one Body having oppoſite Endeavour to another Body,moveth the 
ſame>aud that moveth a third, and ſo.on, I call that a&ion Propa- 
4412 of Meizorn. 

4 VWhentwo fluid Bodies which are in a free and open Space, 
preſs one another , their parts willendeavour , or be moved to- 
wards the fides, not onely thoſe parts which are there where the 
mutual conta& is, but all the other parts. For in the firſt conta, 
the pazts which are preſſed by both the endeavouring Bodies,have 
nQ CG forwards or backwards in which they can be mo- 
Kos x and therefare they arc preſſcd out towards the ſides. And this 
expzeflure,when the forces are equal; is in a line perpendicular to. 
the Bodies preſſing. But whenſocver the. formoſt parts of both the 
Bodies are n+ » the hindermoſt alſo mult be preſſed at the 
ſme time; for the motion of the hindermoſt parts cannot in an 
inftant be ſtopped by the reſiſtance of the tormoſt parts , bur pro- 
ceeds for forme time ; and therefore ſeeing they muſt have ſome 
ym in which they may be moved , and that there is no place ar 

for them-forwards , it is neceſſary that they be moved into the 
Snces which are towards the ſides every way. And this effe&t 

owes of neceſſity , not onely in Fluid , but in Conſiſtent and 
Hard: Bodies , though it be not alwayes manifeſt tofenſe. For: 
though from:the compreſſion of two ſtones we cannot with our: 
eyes diſcerne any Feeling outwards towards the fides , (as we 
perceive in two Bodies of wax ; ) yet we know well cnough by 
on ſome tumor muſt needs be. there , though it be bur 


. | 
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Huid _—_ Re rot np erp 
uid , they w 

xecry t hdifferently J 
For (i e a hollow .C Hard 


both ends , but filled fir ” elew wh Gene 'Bo 
as Quickſilver; and aboye with Water or Ai. e bot- 
rome of the Cylindet be-rurned apwards,-rhe egy LT 
which is now _ the rop:s havite-rhe - endeavour ' down- 
wards, and beivg by the hard: ſides of 'the veſſel hindered from 
extending it ſelfe ſidewayes', mult of neceſſity either be'tectived 
by the lighter Body , that irmay ſink throughir, orelſcit muſt 
_ a pa age through it ſelfe , by- _ the lighter Body 'may 
end, For of the two Bodies; that whilſt ers arc miditealil E- 
parated, will the firſt be wer, which 
ceſlary rhat the parts of the other, fulſer 
therefore when two Liquours which are yk oe ſhine veſ- 
ſel, change their places, there is no need that their nal pr 
ſhould be mingled with one another ;/for'a way oF 
co—_ one Fr them; ae ponenel of the other heed ſo be 
ted 


Nowifa Avid Body which is not cicloſedd orefdi 2 hard 26h 
—— will indeedbetowards the internal parrs of that hard 
5 but ha rr by the reſiſtance of ir) rhe parts of tl the 
fluid Body will be moved:every way accordyig'to the” Superhcies 
of the hard Body, and that Ily; if rhepreffurebe | 
lar; for wheri all the parts of the Cauſe are equal; the Bffc 
be equal alſo, Bur if the preſſure. be'not perpendicular; then the 
angles of Incidence being unequal , the-expanſionallo will be _- 
cqual, namely, greater on'thax fide where the angle is br 
| cauſe that motion is moſt diredt which proceeds CAreah 
ine, I OLEVT Bf 

6 If a Body, preſſing another Body: do not [ecttrdbeteſt: will'ne- 
vertheleſs give to the part it preſſeth; an endeavour to.yeild and 
recede in a ſtraight line perpendicular to its Superficies 1 in that 
point.inwhich ir is-prefled.; 

Let ABC D (inthe firſt fi ine) be +hard Body; and let #ho- 
ther Body, falling upon it in firaighr lineE AE any inclina- 
tion,or W thour incluarinaeeds! it inthe Wt A.1fay the Body fo 

K 


pret- 


ne- 
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Draitor not penetrating it, will give tothe part A an endeayour 
$0-yauld or 
For letA Bbe 


Parr J- 


recedein a ſtraight Line cular to the line AD. 
£ | dicular toiA D and ler B Abe'produced 
to F, If therefore A. F be coincident with A'E,itis of ic {elf mani- 
feft that the motion in B A will make A to endeaveur in- the line 
AB. LetnowE Abe obliqueto AD; and from the point E let 
the ſtraight line.E C be drawn, cutting AD at right augles in 
D,andler the re 5 ABCDand ADE F becompleted. 'I 
have ſhewa (inthe $ch Article of the x6th Chapter) that the Bo- 
dy will be carried from E co Abyrhe concourſe of twoUniform 
ions, the one in E F gnd its parallels, the other in E D and its 
parallels, But the motion in E F and its parallels (whereof D A 
35 ane}contributes nothing to the Body in A,to make it endeavour 
Les By and therefore the whole endeavour which the 
dy hath inthe inclined line E A, to paſs , or preſs the Straight 
line AD,it hath it all from. the perpendicular motion or endeavour 
in F A. Wherefore the Body E after it isin A, will haveonely 
that perpendicular endeavour which proceeds from the motion 
in.F A, that.is, in A.By which was to be proved; -. = 

7 Ifa hard Body falling upon, or prefling another Doc: pene- 
trate theſame,irs endeavour after its firſt penetration will be nei- 
ther in the inclined line produced , nor in the perpendicular, but 
ſometimes betwixt both, ſometimes without them. 

LerE AG (inthe ſame i figure)be the inclined line produced; 
and Firſt, let the paſſage through the Medium in which E A is, 
be caſter then the paſſage through rhe Medium: in which AG is. 
As ſoon therefore as the Body is within the Medium: in which is 
AG, it will finde greater reſiſtance to its motion in DA and its 

arallels, then it did whileſt it was above A D;; and therefore be- 
w A Dit will proceed with flower motion in the parallels of 
D A, then above it. Wherefore the motion which is compounded 
of the two.motions in E F and E D-will be ſhowerbclow AD\then 
above it; and rierefore alſo, the Body will not proceed from A 
in E Aproduced, but below it. Secing therefore the endeavour in 
A B is generated by the endeavour in F'A if tathe endeavour in 
F Atherobe added the endeavoyr in D A; (which is not all caken 
away by the immerſton ot the point A imo the lower Medium)the 
Body will nat proceed from A.inthe perpendicular A By but = 
| yo 
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from AinE A 
hard] 
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perpendi 
the firſt Medium, by departi oro Lon: c 
areas ER = DEED rt = 
vent may be ſo placed, as thatthe mo ir 
ing _ almoſt direaly ceptracy to thavel the Morenrs. as we 
 Forle: AB inthe 0figure) tepreſemr Ship, whoſe length 
orlet ABſinthe 2 c) enta'S 
from the prowto the poop.is A B; epeeſeme Ships ita lie uponiit in 
che irai ht parallel lines CB, D Eand.Þ G ARTS 
CE 1G by a {irgj — - 
ro A B; alſo let BE = EG 
le hoiw ſmall ſoever. ul rens.rm ty oper rn 
or ani, TreeweenB Cond A ir i 
ſame line BI, and — —— the points Ly Mand 
B; from which perpendicular to BI,. let BK, M rd 
be drawn. le ENand GO be drawn pepend 
B Gz and cutting B Kin H and Kz and lex HN and KO bemade 
equal to one anotfler , and ſeverally-<qual to B:A. Iſay the Ship 
—_ the winde falling upon itin C B, D E,FG, and other lines 
el to them, will be carried forwards almoſt to the 
winde,tharis roſy, ing way almoſt contrary.to the way at the 
OVENT / 
For the Winde that blowes in the Line C B, will (achach been 
ſhewn in the 6th Article) give tothe/point Ban endeavour to pro- 
ceed ina ſtraight line perpendicular og raight line BI, char 
3 153 
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is in che{itaight lpeÞKp end torho Mand\L'anendea- 
your to proceed in the ſtraight lines M Qand L P,. whicharepa- 
xillet to BK.. Letnow the meaſure of the time be BG, which is 
divided in the middle in E;z8&let the pointB be carried toH in the 
zime B E.ln the ſame time cherefoxe Aa Ion blowing in DM 
&FL(andas other lines as may be:drawn parallel to them). 
thewhole Ship'iwilFbeapplyed ro the ſtraight line H N. Allo ar 
the endof the ſecandtimeE G , it-willbe applyed to the ſtraight 
line K O,:,VVhexcfore the Ship will always go forwards; and the 
angle -it makes with the winde will be equal to the angle AB C.. 
how fmallfoeycritbat afigle boz andthe way it makes will in eve- 
' timebe equattothe ſtraight line EH. I fay thus'it would be, if 
the-Shipdbight be moved with as greart-celerity {idewayes from 
B AtowardsK Q,:as ir may be 'moved forwards in the line B A. 
But this is i ible, by reaſon of che reſiſtance made by the great 
| — of water which: th the fide,much exceeding the re- 
made by the much ſmaller n= which: preſleth the 
grow of the Ship ;z ſo that the way the Ship makes fidewayes'ts 
carce {enfble ;, and therefore rhe point B- will proceed almoſt in 
the very line B A, making with the winde the angle ABC, how 
acute ſoever, that is to-fay, it will proceed almoſt in the ſtraighr 
line:B.C, that is, in away almoſt contrary to the way of the Mo- 
vent;zwhich wastobe demonſtiated.: 6 ob 7 
RuttheSaylin/BI muſt be ſs ftrerched, as that there belleft-init- 
no hoforme atall ; for otherwiſe the iraight lines L'P;MQ 8& BK. 
will not be perpendicular to the plain of the Sayl , but falling be- 
bw P, Q4ndK will drive the = backwards.But by making uſe 
ofa Board fore Sayl, a lite Waggon with whicels for the 
Shipyand of a ſmooth Pavement for the Sea,T have by experience 
found this to be ſs ttue;thatlI could ſcarce oppoſT the baardxo the- 
winde in any obliquity though never ſo ſimall;bur the Waggon was 
carried forwards by it. | | 
\Bythe ſame 6th, Theoreme, it may be found, how much a ſtroke 
which falls obliquely, is weaker then a ſtroke falling perpendicu-. 


larly, _—_— like and'<qual in all otherreſpeRs. | 


--Leta all the VWall A B obliquely,as (for example) 
in the ſtraight line CA (in.the pdigure). Le be rave: 
C _ 
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rallelto-AB,8&{DA'perpendicular to the ſame AB & equal to CAs 

&lerborh mort oe time of the motion in CA beequal to the 
velocity'8& time ot the motion in DA.I fay the ftroke in CA will be 
weaker thenthatin DA inthe proportion of E A'to DA.For pro- 

ducing D A howſoever to F, the endeavourof both the ſtrokes will 

(by the 6th Arr.)pzocced from A in the perpendicular AF.But the 
ſtroke in C A is made by the concourſe of two motions in C E and 

E A; of which that in CE contributes nothing to the. ſtroke in. Az, 
becauſe C E: and BA are parallels; and therefore the.ſtroke in. 
CAis mw, the motion which is in E A onely.. Butthe velo- 
city or force of the perpendicular ſtroke in E A, to the velocity or- 
force of the ftrokeinD A, isas E A to D A. Wherefore the ob-- 
lique ſtroke in CA is weaker then the perpendicular ſtroke in DA,. 
in the proportion of EA to D Aor'C A: Which was to be proved... 

9 Ina full Medium, all Endeavour: proceeds as far as the Me- 
dium it ſelf reacheth; that is to ſay, if the Medium be infinite, the 
Endeavour will procecd infinitely, 

For whatſoever Endeavoureth., is Moved, and therefore what-- 
ſoever ſtandeth in its way, it makerh it yeild,at leaſt alittle, name-- 
ly ſo far as the Movent it ſelf is moved forwards. Bur that which 
yeildeth is alſo moved, and conſequently maketh that to yeild 
which is in its way, and ſoon ſucceſfively as long as the Medium: 
is full; that is to ſay, infinitely,if the full Medium be infinitegwhich. 

was to be proved. _. | 
' Nowalthough Endeavourthus perpetually propagated, do noe 
alwayes appearto the Senſes as EN it appears as Actjon,or 
as the efficient cauſe of ſome Mutation, For if there be placed be- 
fore.our Eyes ſome very lirtle obje&;as(for example)a ſmall grain: 
of- ſand, which at a certain diſtance is viſible; ic is manifeſt char 
it may be removed to ſuch a diſtance as not to be oy longer ſeen, 
though by its aRion irftill work upon the organs of fight, as is ma-- 
nifeſt from that (which was laſt proved) that all Endeavour'pro-- 
ceeds infinitely. Let it be conceived therefore to be removed from: 
our Eyes to any diſtance how great ſoever,and a ſufficient number 
of othergrains ot ſand of the fame bigneſs added to ity it iscvi-- 


dent that the aggregate of all thoſe ſands will be vifible ; and 


though none. of them. can be ſeen. when it is fingle. and I 
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from thereſt,yet the whole heap or hill which they make wil ma- 
pifeſtly appear to the ſight ; which would be impoſlible if ſome a- 
&ion did not proceed fromeach ſeveral part of the whole heap. | 
10 Between the degrees of Hard and Soft, arc thoſe _ 

which we call Tough, Taugh being that,which may be bended with- 
out being alcered 2+ what it was; and the Bending of a Line, is 
cither the adduction or diduction of the extreme parts, that is, a 
morion from Straightneſs to Crookedneſs, or contrarily,, whileſt 
rhe line remains ill the ſame it was; for by drawing out the ex- 
rreme points of a line to their greateſt diſtance, the line is made 
ſtraight, which otherwiſe is Crooked. So alſo the Bending of a 
Superficies, is the diduQion or adduCtion of irs extreme lines,thar 
is, their Dilatation and ContraQton. - 

* 11 Dilatation and Contrafiion, as allo all Flexien appoſes neceſla- 
rily that the internal parts of the Body bowed do cither come nee- 
rer to the external parts, or go further from them. For though 
Flexjon be conſidered onely in the length of a Body, yer when thar 
Body is bowed, the line which is made on one fide will be convex, 
and the ine on the other {ide will be concave of which the con- 
cave being the interiour line,will (unleſs ſomething he taken from 
it and added to the convex line) be the more crooked, that is, the 

reater of the two. But they are equal ; and therefore in Flexzou 

. is an acceſſon made from the interiour to the exteriour 
parts; and on the contrary, in Te-ſ/on, from the exteriour to the 
interiour parts, And as for thoſe things which do not eaſily ſuffer 
ſuch tranſpoſition of their parts, they are called Brittle; afid the 
great force they require to make them yeild , makes them alſo 
with ſudden motion to leap aſunder, and break in pieces. | 

12 Alſo Motion is diſtinguiſhed into Pulfior and Trafion. And 

Pulſion, as I have already Jefned it, 15 when that which is moved, 

goes before that which moveth ir. But contrarily , in Tra#:o the 

Movent goes before that which is moved. Nevertheleſs , conſide- 

ring it with greater attention, it ſeemerh to be the ſame with ?#l- 
fr. For of two parts of a hard Body, when that which is foremoſt 

drives before it the Medium in which the motion is made, at the 
ſame time that which is thruſt forwards, thruſteth the next , and 
this again the next, and ſo on ſucceſſively, In which aRion,if we 


ſup- 


as 


p 
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ſuppoſe that there is no place void, it muſt needs be, that by cot 
cinual Pulſion, namely, when that aQion has gone round, the Myr 
vent will be behind that part which atthe-firſt ſeemed not to be 
thruſt forwards,bur to be drawn; fo that now the Body which was 
drawn,goes before the Body which gives it motion; and its motion 
is no longer TraQion, but Pulſion, | 
13 Such apes, "fo are removed from their places by forcible 
Compreſſion or Extenſion, and as ſoon as the force is taken a- 
way , doe preſently return and reſtore themſelves to their for- 
mer ſituation , have the beginning of their reſticution within 
themſelves, namely, a certain motion in their internal parts, 
which was there , when, before .the taking away of the force, 
they were compreſſed, or extended. For that Reſticution-is mo- 
tion , and that which is at reſt cannot be moved , bur by a mo- 
ved and a Contiguous Movent, Nor doth the cauſe of their Reſti- 
rution proceed from the taking away of the force by which they 
were compreſſed or extended ; for the removing of impediments 
hath not bs efficacy of a cauſe ( as has been ſhewn at the end of 
the 3d Article of the 15th Chapter).The Caufe therefore of their 
Reſticurion, is ſome motion cither of the parts ofthe Ambient , or 


of the parts of the Body compreſfed or extended. Bur the parts of - 


che Ambient have no endeavour which contributes to their Com- 
reſſion or Extenſion, nor tothe ſetting of them art liberty , or Re- 
itution. It remayns therefore that from thetime of their Com- 
preſſion or Extenſ10n there be left ſome endeavour (or motion) by 
which, the impediment being removed;every part reſumes its for- 
mer place; that is to ſay, the whole Reſtores it ſelf. 

14 In the Carriage of Bodies if that Body which carries ano- 
ther, hitupon any obſtacle, or be by any means fuddenly ſtopped, 
and that which is carried be nor ſtopped; it will go on; till its mo- 
tion be by ſome external impediment taken away. 

- For Thave demonſtrated in the 8th Chapter art the 19th Arti- 
cle, that Motion, unleſs it be hindred by fome external' reſiſtance; 
will be continued eternally with the ſame celerity ; andin the 7th 
Article of the 9th Chap. that the ation of an externaf Agent is of 
no effe& without contat, When therefore that which carrieth 
another -_ is ſtopped , that ſtop-doth not preſently take ny 
the motion of that which is carricd, It will therefore —— 
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till irs motion be by little and little extinguiſhed by ſome external 
.refiſtance ; Which was to be proved; Thoughexperience alone 
had been ſufficient to prove this. f ” 

In like manner , if that Body which carrieth another be put ' 
from reſt into ſudden motion z that which is carried will not be 
moved forwards together wich it, but will be left behind, For the 
contiguous part of the Body carried, hath almoſt rhe ſame motion 
with the Body which carries ic ; and the remote parts will receive 
differentVelocitics according torheir different diſtances from the 
Body that carries them; namely , the more remore the parts are, 
the leſs will be their degrees of Velocity. It is neceflary therefore 
that the Body which is carried , be left accordingly more or leſs 
behind. And this alſois manifeſt by expcrience, when at the ſtarr- 
ing forward of the Horſe, the Rider falleth backwards. 

I5 In Percuſf102 therefore,when one hard Body is in ſome ſmall 
r-art of it ſtricken by another with great force, it is not neceſlary 
chat the whole Body ſhould ycild to the ſtroke with the ſame ce- 
lerity with which the ſtricken part yeilds. For thereſt of the parts 
receive their motion from the motion of the part ſtricken and 
yeilding, which motion is leſs propagated every way towards the 
ſides then it is dire&ly forwards. And hence it is, that ſomerimes 
very hard Bodies , which being cre&ed can hardly be made to 
and, are morecaſily broken , then thrown down by a violent 
ftroke; when nevertheleſs, if alttheir pores rozether wete by any 
weak motion thruſt forwards they would eaſily be caſt down, 

16 Though the difference between Truſtoz and Percuffton con- 
ſiſt onely in this, that in Truſ#oz the motion both of the Movent 
and Moved Body begin both rogerher in their very conta& ; and 
in Percuſ#z0n the ſtriking Body is firſt moved, and afterwards the 
Body ſtricken; Yet their Effects arc ſo different,that it ſeems ſcarce 
poſhble to compare their forces with one: anorher, I ſay , any ef- 
xe& of Percuſhon being propounded, as for example the ſtroke of 
a Bcetle of any weight aſhgned , by which a Pile of any given 
lengthiis to be driven into earth of any tenacity given, it ſeems to 
me very hard if not impoſlible to define , with what weight ,..or 
with what ſtroke, and in what timezthe ſame pile may be driven 
£12 depth aſſigned into the ſame carth, The cauſe of _ p62 
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are parts. Forif any ſmall part which # c6 virt 
the Superficies of the whole Body, be fuppoſed tobe nol arreſt, 
and by and by to be moved, that-pare mnft of necefity receive 
ics motion from ſome moved and contighons Body. Bir (by ſup- 
ſkrjon) there is no ſuch moved and contigtotis part within the 
Rod .W herefore, if thete be any Endeavour or Motion; ot change 
of ſitnation, in the ihternal parts of that Body, it ninſt needs ariſe 
from ſome efficient cauſe tiar is without the Body which contams 
them; Which was to be proved. | 

1 8 In hard Bodies therefore which are compreſſed or extend- 
ed,if that which comprefleth or extendeth them being taken a- 
way, they reſtore themſelves r6 their former place or firnarion , it 
muſt needs be; that that Endeavour (or Morion) of their internal 
parts, by which they were able to recoyer their former places or 
fituations , was not extinguiſhed when the force by which chey 
were compreſſed or extended was taken away. Thetefore when 
the Lath of a Croſs-bow bent, doth , as ſoon as it js ar liberty, re- 
ſore it ſelf, rhough to him that judges by Senſe, both ir and all its 
parts ſeem to be at ___ he that judging by Reaſon;doth not ac- 
count the taking away of imp! Jitmerir fo an efficient cauſe , nor 
concetives that without an eſficieht cauſe any thing can paſs from 
Reſt to Motion,will conclade; that the parts were already in moti- 
on before they beyan toreſtore themſelves. 

19. Atton and Reaflion ——— the ſame Line, bur from 0 
poſite Terms. For ſeeing ReaRion isnothing but Endeavour in the 
Patiencto reſtore it ſelf ro that ſitnarion from which ir _—__ 
L1 ce 
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ced by the Agent ; the endeavour or motion both of the Agent and 
Patient (or Reagent) will be propagated between the ſame rerms, 
(yer ſo, as that in Aion the Term from whrch, is in ReaRion the 
Term towhich), And ſeeing all Action proceeds in this manner,not 
onely between the oppoſite Terms of the whole line in which ir is 

ropagarted, but allo in all the parts of that line, the Terms from 
whichand to which, both of the Aion and ReaRion, will be in the 
ſame line. Wherefore Aion and Reaction proceed in the ſame 
line, &c. 

20 To what has been ſaid of Motion, I will add what I have 
to ſay concerning Habit, Hab:t therefore isa generation of Mo- 
tion, not of Motion ſimply , but an cafie condu&ing of the mo- 
ved Body in a certain and deſigned way. And ſeeing 1t is attained 
by the weakning of ſuch. endeavours as divert its motion , there- 
fore ſuch endeavours are to be weakned by lictle and little, But 
chis cannot be done bur by the long continuance of afion , or b 
actions often repeated , and therctore Cuſtome begets that Faci- 
cility,which is commonly and rightly called Habst; and it may be 
defined thus; HABIT is Moti0z made more eaſte and ready by Cuſtomey, 
that is to ſay, by perpetual endeavour , or by iterated ende uours 1 4 way 
deffering from that in which the Motion proceeded from the begin- 
mg , ard oppoſi'8 ſuch endeauodys 45 reſiſt, And to make this more 
peripicuous by example , We may obſerve , that when one 
that has no skill in Muſique, firſt, pats his hand to an Inſtrument, 
he cannot after the firſt ſtroke carry to his hand to the place 
where he would make the ſecond ſtroke,wirthour taking it back by 
a new endeavour , and asic were beginning again, pats from the 
firſt to the ſecond. Nor will he be able to go on to the third place 
without anothet new endeavour, bur he will be forced ro draw 
back his hand again, an4 fo ſucceſſively , by renewing his en- 
dcavour at every ftroke, till at the laſt by doing this often, and by 
compounding many interrupted motions or endeavours into one 
cqual endeavour , he be able tro make his hand go readily on 
from ſtroke to ſtroke inthat order and way which was at the 
firſt defizned. Nor are Habits tobe obſerved in living creatures 
only, but alla in Bodies inanimate, Fer we find, that when the 

Lath of a Croſf:bow is ſtrongly bent , and: would if the impedi- 

menr 
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ment Were removed return again with great force , if it re- 
main & long time bent , it will get ſuch a Hah, that when 
it is looſed and left to irs own freedome, it will not onely noc 


reſtore it ſelf » but will — as _— ws for the _ 
Cc, asS lit or bending it 


ing of ir back to its firft 
" at the firſt, 
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Enmpar 0 — 
PETITION 'tbe. pascs oo 
Lines parallel ts the = 
x25 which are deficient: according: t0.c 
altitudes and baſet,divides the «Al. > forks 
is to the other part as the complete figure to the ej 5k figure, 10 The: 
diameter of Equipenderation of the C ys of the ha « 7; any of the 
Ic 


ſaid deficient 5% ures, divides that line which is _ tl the fo oy go 
pernliti ro the yiſm thitcthei Nhekes rhe WeÞ16% Te 
tht complete / tothe :18 The Ci th- 


on of the half of any of the deficient fo in the firſt row o hor: able of 
the 3d. Article of . thex 7th C gd found obabythe number: tf the - 
ſecond row, 12, . Thacemer, of + 1h jg Grader the. helfref; wy of the 


fi wres tn the” ſtcand row 654 out by the mitn-- 
of the 'rw. cf We: chro Jon 0 the bat balf- 
Ther he fcaro rk 1 | emer of the, £x- 
Siaroinbyie '« TV:koghe onde rw aſe i 
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202 :of vhe PROPORTIONS of 
the Axis., Todivided, that the part next the Vertex be tothe whole Axis 
want half the Axic.of the partionof the Sphere, as 3 to 4. 


I 


Pare 3, 


De finet100.5, 


Af: is a ſtraight line, whoſe middle point is immoveable, 


all the reſt'of irs points being at liberty; and that part of 
the Scale which reaches from the center to cither of the 
waights ,us. called the Bean.” LY 3 PISSS 
E qurpon:eration is when theengdeavour of one Body which prel- 
ſes one of the Beams, refiſts the endeavour ot another _y 
preſling the other Beam, {0-4 tharneither of them is moved 
and the Bodies when neither of them ismoved, are ſaid to be 
Equaly poiſed.” ©. FADES 0 IFK 
waightys the aggregate of all the Endeavouryby whichall the 
points of that Body which preſles the Beam, tend downwards 
in lines parallel to one another; and the Body which prefles, is 
called the Poiderart, | ; by iu, ;- : 
Memiezt , is the Power which the Ponderant has to move the 


'Beami, by retfon'of a determined firuation, * -, 


« 


The plain of Equipenderation, is that, by which the Ponderant is 
ſo divided, that the Moments on both {ides.remaia equal. 

The Diameter of Equiporderatior., is the common SeQion of the 
two Plains of Equiponderation; and is in the ſtraight line by 

which the waight is hanged. | 


. 


Diametersof Equiponderation. 


- TheCenter of Equiponuleratron, is the common point of the wwo 


Suppoſitzo;s | 
VWhentwo Bodies are equally pois'd, if waight be added t9 
pe a them, and not to the other , their Equiponderation 
ceaſes. 
When two Ponderants of equal magnitude, and of the ſame 
Species or matter, preſs the Beam on both ſides ar equal di- 
ſtances from the center of the Scale,-their Moments are c- 
_—_ when two Bodics endeavour at cqual diſtances from 
the center of the Scale, if they be of —_ magnitude and of 
the ſame Species, their Moments are equal. oo 
| 2 


" how2 
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"2; 'No two Plains of Equipetderation' ure pagallel;” 

Ter AB CD(n herd ogme)toan Prwehatonr 
quiponidera 


andinitlerE Fbe aPlainof 1 ro which, 
letany other Plain be drawn, as GH: -Iay G'H isnot a Plain of 
Equiponderation. For feeing the parts AE FD and E BC Fof 
the Ponderant A B C D, are cqually:pois'd '5 and rhe wo 
E GHFis added tothepart A E F D,and'norhingis added to the . 
part E BCE, but the weight E GH Fis taken from ir; therefore 
(by the firſt Suppoſition)the parts A GHD and GBC H will nor 
be lly ois'd; and conſequently G H is nota Plain of Equi- 

nderation. Wherefore, No rwo Plains of Equiponderation, &c. 
Which was to be proved. | h 

3 The Center of Equiponderation is in evety Plain of Equi- 
ponderation. * | | 

For if another Plain of Equiponderation be taken,it willnot(b 
the laſt Article)be parallel to the former Plain;and therefore both 
thoſe Plains will cur one another, Now that SeQion' (by the 6th 
Definition) is the Diameter of Equiponderation. Again, if 'ano- 
ther Diameter of Equiponderation be taken; it will cue that for- 
mer Diameter; and in that SeCtion (by the 5th Definition) is the 
Center of Equiponderation, Wherefore the Center of Equi- 
ponderation.is in that Diameter which hes in the ſaid Plain of 
Equiponderation. 

4 The Moment of any Ponderant applyed to: one'point of the 
Beam, to the Moment of the fame, or an<qual Ponderant applyed 
ro any other point of rhe Beam , is as the diſtance of the former 
point from the Center of the Scale, to the diſtance of che later 
point from the ſame Center. Or thus, Thofe Moments are to- one 
arother, as the Arches of Circles which are made upon the: Cen- 
ter of the Scale through choſe points, in cheame time, Or laftly 
thus; They are; as the parallel baſes of rwo Triangles, which have 
a common angle at the Center of the Scale. 

Let A (inthe 2d figure) be rhe Center of the Scalezand let the 
-equal Poderants D andE preſsthe Beam A B in the points B and 
C; atfolet theſtraight lines B D and C'E be Diameters of Equi- 

onderation; and the points D and E inthe Ponderants D and E 
be their Centers of Equiponderation, Let A GF be drayn how- 


ſaever, 


CO 
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C1, pras BF oC G, For the «ffec; of the Panderant Din the 
PoigeB,is cixcular motioninthe,arch BH 3 and the effect of the 
PonderantE inthe point Cy circular motion in the arch CI; and 
by zegſon of the equality of the Panderanys.D aud E, theſe moxi- 
915 are to one another 85 the Quickneſles oxVelocitics with which 
the paints B and C deſcribe the arches BH and C Lthat is, as the 
arches themſelves BHand C1, or as the firaight parallels BF and 
C G,or as the parts of the Beam AB and AC; for AB, AC: ; 
BF, CG:.: BH. CL arc proportionals:-zand therefore the effects, 
thatis, (by the 4th Definition) the Moments of the equal Ponde- 
tants applycd to ſeveral points of the Beam, are to one another, as 
ABand A C:; or asthe diftances of rhoſe points from the center 
of the Seakc ;z oras the parallelþaſes of the Triangles which have 
A common augle at A.z or as the concentrick arches BH and C TI; 
which was to be demonſtrated. 

5 Unequal Ponderants, when they are applyed to ſeveral points 
of the Beam, and hang at liberty (that is, fo as the line by which 
they bang be che Diamcter of Equiponderation, whatloever be 
the figure of the Podnderant), have their Moments to one another 
in proportion.compounded of the proportions of their diſtances 
from the center of the Scale, and of their VV aights. 

Ler A- (inthe 3d figure) be the center of the Scale, and- AB 
#be Beam to which ler the two Ponderants } C,& D bc applied at 
the points Band E.1I ſay the proportion of the Moment of the Pon- 
derant C; tothe Moment of the Ponderant- D, is compounded of 
the proportions of A B ro AE and of the Waight C to the 
Waight Dor (if C and D be of the ſame ſpecies) of the magni- 
tude C to the magnitude D. | 

Lec eicher of them, as C, be ſuppoſed to be bigger then the 0- 
ther D. If therefore by the addition of F,F/and: I together be as 
one Body equal.toC, the Moment of C to the Moment of F + D 
will be (by the laſt atticle) as BG isto- EH; Now as F + Diis to 
D, to kr E H be toanother E I; and the momentof F + D, that ir 
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of C, to the moment of D, will be as BG toE I. But the proporti- 
on of B G to E I ts compoundedof the proportions (of BG to EH 
that is) of ABto AE,and (of EH taE1, that is) of the waight C 
to the waight D. Wherefore tinequal Ponderants, when they are 
applied, &c. which was to be proved; - | 

6 The ſame figure remaining, if 1 K be,drawn parallel to the 
Beame A B, and cutting A G in K z and KL be drawn parallel to 
to B G, cutting AB in L, the diſtances AB and AL from the cen- 


ter, Will be proportional tothe moments of C and,D. For the mo-- - 


mentof Cis BG , andthe moment of Dis EI, to which K L 1s 
equal. But as the diſtance A B from the center, is to the diſtance 
A L from the center,ſois BG the moment of the Ponderant C> 
to L K, or E I the moment of the Ponderant D. __ 

7 If two Ponderants have their waights and'diſtances from, the 
center in reciprocal proportion, and the.center of the Scale be be- 
rween the points to which the Ponderants are applied;they will be 
equally poſed. And contrarily , if they be equally poiſed, their 
waights and diſtances from the center of the Scale will be in rect- 
procall proportion. 

Lerthe center of the Scale ( in the ſame 3d figure ) be A, the 
Beam AB , and let any Ponderant C, having B G for its moment, 
be applicd to the point B alſo let any other Ponderant D, whole 
moment is E I, be applied to the point E. Through the point I, let 
IK bedrawn parallel ro the Beam AB, cutting AG inK; alſo 
let KL be drawn parallel to BG, KL will then be the Mo- 
ment of the Ponderant D ; and (by the laſt Article) it will be as 
BG the Moment of the Ponderant C in the point Bro LK the FMo- 
ment of the Ponderant Din the point E;fo A Bro A L. On the 0- 
ther fide of the center of the Scale, let AN be takenequalto 
AL; andtothe point N let there be applyed che Ponderant O, 
having to the Ponderant C the proportion of AB to. A N. Ilay 
the Ponderants in B and N will be equally. poiſed. For the pro- 
portion of the Moment of the Ponderant Q in the point N, to the 
Moment of the Ponderant C in the point B,is(by the 5th Article) 
copounded of the proportions of the waight Oto the waight B, 8 
of the diſtance (from the center of the Scale)A N or AL tothe di- 
ſtace(fr6 the center of the Scale)AB,But ſeeing we have ſnppoſed, 
that the diſtance A.B to the diftance AN, is in reciprocal propor- 

M m tion 
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troifof tlie Waighr Ot the waizht C, cheiproporrion ofthe Mo- | 


nt etit of the Pohderane O'irrehieipoine/N4, corheMomene of irhe- 


os of A'BYs'A Ny andof A NitoABVVherefore,fortinginorder: 
AB, AN, AB, the Momanrof' © torhe:Momentof C willbe as 
— firſt'ro _ __ rw as: C B' _ = Inno: 
ore are equal; anconſequenty:the:Plhinwhi & chrouph- 
{will (bythe fitth"Defin jon). boxePlaitaiof rot tt) 
Wherefore they will be equally poi ſedgas was tobe proved, * 
Now the coriverſe of 'this is tanifeſt; Bor it there be Equipon-- 
derarion; and rhe-proportion.of the Waights-and Diſtarices be nov 
reciprocal'; rhen' bortithe Waights wilt alwayes haverhe ſame 
Moments, althoughone of thenti have niore waightaddedtoin, or 
irs diſtance changed: $97 a y't 
- Corollary; When Ponderants are of theſamoe Species, anditheir 
Moments be equal; their Magnirudes-and:Diftances from'the cen- 
ter of the Scale will be reciprocally proportional. For in Homoge- 
nevtrs Bodies, it is as VVairhtro Waighe; ſoMagnirudeto Mhg- 
altude. - | | | 
8 If to chewholeletigth of the Bean there be applyedia Pa- 
rallelogram, or a- Parallelopipediam', or a' Priſma , or a Cylinder, or 
rh&Superficies of a Cylinder, ot of a Sphere, or of any-portion-oba 
Sphere or Priſms.; the parts df any of them curoff wdrplaite pa, 
ralltFro the baſe, will have cheit Moments in'the'fame proportron 
with rhe parts 6f a Triangle which thas-irs/Vertex tivche center'of 
the'$cyle, and for one of its ſides the Beent ir ſelf, which-parrs are 
cut off by Plains parallel to the bate. | 
Firſt, let the Op Ecagrant ABCD (inthe qth fi- 
gure)-be applyed ro che whole length of the Bear A By and pro- 
ducing C Yhowloever ts E, letthe Triangle'A BE be deſcribed, 
Ler now any part of the Pzrallelogramy as 'A F, be cut off by the 
plan FG; parallel to thebafe'C B; and let FG be produced to 
AE inthe point H: I ſay the Moment of the whole: AB'C TD to 
the Momentof its part A F,,is as the Triatigle ABE tothe Tri- 
angle A G H; that is, in propertien duplicare'to that of the diſtan- 
ces from the center of the Scale; | | | 
Fot;the Patalleldvrant AB C Dbring divided into equal parrs 
. 1n- 


- 
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infigite in qumber ,y ſtraight boos ferry el eo-thehbaſe; 
and ſuppoſiug;therMoment, of .the; ne!©B tobeBE; 
the -Mombpar of po - line:E G- :iwilb 6by:the-7th :Arti- 
cle). be.G:H ; and: the Momentsot all the ſtraight lines of -that 
rom paroetorhebulyBEyal hichparaBclopater ck 
drawn ta the baſq BE; all w 
are the Moment of the whole Parall im ABC $1and the 
ſame parallels:do :allo. confliture the ſuperficies ofi —_— 
ABE. ' Wherefore the Moment of the Paralle  ABCÞD, 
is the Triangle ABEyand for.the fame reaſon, the Moment of the 
Parallolopram AF, inthe Triangle: A G H;zandtherefdrerthe Mo- 
ment of the whole Parallelogram , to the Momentof. a Parallelo- 
gramwhich.is parbof the ſame z:is as the Triangle: A;BE » roithe 
Triangle AG H., or iniproportion. duplicate tothavofithe Beans 
towhichtheyareapplyed. And what 1s-heredemanſtratedfimthe 
caſe of a Parallelogramy may be.underſtood; to ſeryefor that of a 
Cylinder, and of :a-Priſvia, and their:Superficics ;-as. alſo for rlic 
Sypetficies of .a Sphere, of: an.:Hemiſphere or. any-portion of a 
Sphere , (tor the parts of. the:Superticies of a Sphere, have'the 
ſame proportion:with that of the parts of the'Axis curoff.by.the 
ſame ;parallels by. which the. parts of .. the Superficics are xut 
off, as: Archimedes has. demonſtrated) ; . and therefore: whenzthe 
parts of any of theſe figures areequaland at equal idiſftances.from 
the Center of the Scaleytheir Moments alſq ate:equaly in the ſamic 
manner as they are in Parallelograms. 302 pv 
Secqndly, let the Parallelogram: AK IBnot beredtangled ; ithe 
ſtraight line IB wilnevertheleſs preſs the)pointB perpendicularly 
in the raighr line B Ez8: ofreight ine LG wilproſthe point 
G perpendicularly in the ſtraight lineG H ;.andalkthe reſt of the 
ay lines which: ate pardlel toI Bwill do the like, Whatlſoe- 
ver therefore the. Momentbe which.is affigned. tothe /ſtraighr line 
L B,as here(for example) LNES obe BEJifi AE be drawn, 
the Moment of the whole Parallelogram A I will bethe/Triangle 
ABE ; .and the Momenc:of che part A L'will bethe Triangle 
AG tpn —— C—— GRO 
1qes equally applyed to the. Beam,/(wherher they be applyed per- 
pendicularly or eliquely) willbe always to the omen of « part 
of the: ſame, in ſuch, proportion,as.the-wholeTriangle has to o__ 
M m 3 0 
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of the ſame cutoff by:a plain which is parallel to the baſe. 

9 The Center of Equiponderation of any figure which is defi- 
cient according tg commenſurable proportions of the altitude and * 
baſe diminiſhed, and whoſe complete figure is either a Parallelo- 
gram, ora Cylinder, or a Parallelopipedums,divides the Axis, ſo,that 
the part next the.Vertex ,. to the other part , is as the complete fi- 
gure to the deficient figure. 

For let CI APE (inthe 5th figure)be a deficient figure, whoſe 
Axisis A B, and whoſe complete figureis CDFE, and let the 
Axis\'A B be ſodividedin Z, that AZ betoZBas CD FE isto 
CIAPE. I ſay the center of Equiponderation of the figure CLAPE 
will be in the point Z. 

Firſt, thar the Center of Equiponderation of the figure CI A- 

P E is ſomewhere inthe Axis A B,is manifeſt of it ſelf; and there- 
fore AB is a Diameter of Equiponderation. Let AE be drawn, 
and let B E be put for the Moment of the ſtraight line CE, the 
Triangle A B Ewill therefore (by the 3d Article) be the Moment 
of the complete figure C D FE. Let the Axis A Bbe equally di- 
vided in I, andlet G LH be drawn parallel and equal to the 
ſtraight line C E,cutting the crooked line CI A PE inI and P;and 
the ſtraight lines A C and AE in K and HM. Moreover, let Z O be 
drawn parallel tothe ſame C Ezand ler it be,as LG to LI, fo LM 
to another LN, and let rhe fame be done in all the reſt of the 
raighr lines poſſible , parallel ro the baſe ; and through all the 
points N, lesthe line A NE be drawn; the three-fided figure A N 
E B will therefore be tke Moment of the figure CI AP E. Now 
the Triangle A BE is (by the 9th Article of rhe 19th Chap- 
ter) to the- three-fided figure. ANEB, as ABCD+AICB 
is to AICB twice taken, that s, as CDFE+-CIAPE 
istoCI APE twice taken. Buras CIAPEisto C D FE;that 
15, a5 the waight of the deficient figure , is to the waight of the 
complete ftgure, fois CLAP Etwicetaken, to CDFE twice 
taken. Wherefore , ſetting in order CDF E+CTIAPE. 
2 CIAPE. 2 C DFE; theproportion of C DFE+CIAPE 
to C D F E twice taken, will be compounded of the proportion of 
CDFE+CIAPEtoCIAPEtrwice taken, that is,of the pro- 
portion of the Triangle ABE to the threeſided figure .AN EB, 
that is, of the Moment of the complete figure to the Moment - 
: the 
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the deficient figurc, and of the propartion of CI APE twice ta- 
ken,to C D F E twice taken, that is,to the proportion reciprocally 
— of the waight of the deficient figure to the waight of the 


omplere figure. 

- Again, fecing by ſuppoſition AZ.ZB::CDFE. CIAPE 
(are proportionals; AB. A Z : : CDFE+CIAPE.CDFE will alſo 
(by copounding)be propertionals. And iceing AL is the halt of AB,, 
AL.AZ::CDFE+CIAPE. 2 CDFE will alfo be pro- 
rtionals. But the proportion of CDFE+CI A PE to » CDFE 

15 compounded (as was but now ſhewn) of the proportions of Mo- 
ment to Moment &c, and therefore the proportion of A L to A Z 
is compounded of rhe proportion of the Moment of the cemplete 
figure C D F E to the Moment of the deficient figure CI APE, 
and of the proportion of the watght of the deficient figure CI A- 
P Eto the waight of the complete figure C DF E, the pro- 
portion of A L to A Z 15 compounded of the proportions of AL 
toBZandof BZ toATZ. Now the proportion of BZ to AZ is. 
the proportion of the Waights reciprocally taken , that is to ſay, 
of the waight CI APF tothe waight C DFE. Therefore the 
remayning proportion of A L to B Z, thatis, of LB ro BZ is the 
proportion of the Moment of the waight CDFE to the Mgment of - 
the waight CI APE. Buttke proportion of AL to BZ is com- 
poured of the proportions of ALto AZ andofAZroZB; of 
which proportions that of AZtoZB is the proportion of the 
waight C D FE tothe waizght CIAPE. Wheretore (by tte 5th 
Article of this Chapter) the remayning proportion os A.L to AZ 
iS the proportion of the diſtances of the points Z and EL from the 
center of the Scale , which is A. And | therefore (by the &eh 
Article) the waight CI APE ſhall hang from O. inthe ſtraight 
line OZ. Sothat O Z is one Diameter of Equipondexation of tke 
waight CI APE. Bur the ſtraight line AB is the Sher Dia- 
meter of Equiponderation of the ſame waight CIA PE.WWhere- 
fore (by the 7th Definition) the point Z is the center of the ſame 
Equiponderation; which point (by conſtruQtion ) divides the axis 
$2,” that the part A Z which is the part next the vertex , is ra the 
other part Z B,as the complete figure C DFE is to the deficient 
figure CIAPE); which is that which was to be demonſtra- 


ted, 
Coxcl- 
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Corollary, The Center-of >Equiponderation ofatyof thoſephain 
'three-fideddi whichare compared with: their [camplete fi- 
resin the Tableof the third'Article of the 19th Chapter, is to 
e found in the ſame Table, by taking the Dgnominator of the tra- 
Aion for the part of the axis cut off next the vertex, .and the Nu- 
merator for the other part next the baſe.For example, if it be re- 
uired to find the Center of Equiponderation ofthe ſecond three- 
ided figure of foure Meanes , there is .in the concourle of the.ſe- 
cond columne with the row of three-f{ided:figures of four Meanes 
this fraction {which fignifies:tharrhar figure 1s to its paraliclogra 
or compleat figure as £ to Unity, that is, as 5 ta4,orass5 to 73.and 
therefore the Center of Equiponderationof that figure divides 
theaxis, foz'tharthe part next the 'vertex:is ro-the other part as 
WF. ::: |. 
- 2 Corallary, .The Center of Equiponderation of any of the'$o- 
#lids'of thoſe figures which are contained.in the Table of the. 8th 
Article of the ſame 14th Chapter, is exhibited in the ſame Table, 
For example ,-ifrhe' Center -of Equiponderation of a Conebe 
{ought for ; the Cone will be found to be of its Cylinder, and 
therefore the Center of its Equiponderation-will fo divide the 
axis, that rhe partnext the vertex , to theorker part , will be-as 
3 to1. Alſothe Solid of athree-fided figure of one Meane, that 
15, 4 parabolical Solid, ſecing ir is 3, thatis $0 its'/CYlinder, 
will have its Center of Equiponderation in thar/point, which di- 
vides the axis , fo, thatthe part rowards-the vertex .be double to 
the part towards'the bale. | 
10 The Diameter of Equiponderation of the Complement of 
the ha'f of any of thoſe figures which are contained. in the Table 
of the zd article of the 17th Chaptcr , divides that line which is 
drawne through' the Vertex parallel ard equall to the bale , fo, 
tharthe*part next the Vertex, will be to the other part, as the 
Complete figure to the Complement. 4 
For let AI C B(inthe ſame 5 fis.)bethe halfe of a'Parabola, or 
of any otherof thoſe three-{ided figures which are-in the Table of 
»the 3d article of the 17th Chap.whoſe Axis is AB, and baſe B Cy 
having A D- drawn from-the Vertex , 'equalland parallel tothe 
baſe:BC; and-whoſe complete figure is the-parallelogramme 
ABCD. LciI Qbedrawne, atany diſtance from the fide _ 
ut 


-_ 
- 


Part3» MOTIONS & MAGNIMAILDES. ITE 
bne-parallel:twiry. and-let A Dbetheakimde of the plement 
AIC Dz.and'QTI aline ordinately applyed in it. Wherefore 
the akitude A:1, 'in-the deficient figure AI C'B, is-equal'to- 
QI the: line: ordinately applyed' in its Complement-; and 
contrarily. ,. LI the. line ordinatcly applyed in the figure: 
AIC B, is equall to the alticude-AsQ-in its Complement z and: 
ſo.inall rhe reſt-of the ordinare-lines and alticudes, the-mutation 
is ſuch, thar that line whichis ordinately applyed: in the figure, 
is the altitude ofiirs Complemene, And thereforethe proportion 
ofithe altitudes. decrealing , to that.ob rhe ordinate lines ; won, 
' ſing;beingmulriplicare according to-any number-inthe deficient 
figure z-is ſubmultiplicate according-rothe fame number in irs 
Complement. For example, if AICB bea Parabola, feeins 
the proporcion ob A Bro A-L is duplicare- ro that-of-B Cro L 1, 
the proportion of- AD to-AQiin the-Complement AIC D(which 
is the ſamewich- that of BC to Þ I)-will be ſubdupkcate tothat of | 
C D ro-Q I(whicl1.is the ſame with that of A-Bre A L); and con- 
{equently, in:a Pavabola, the Complement wilt be to the Paral- 
lelozramme-as-1 ro-3+; in a three-{ided- figure-of two Meanes, as 
1:to 4; in a-three-fided figure ob three-Meanes, as x to 5,8c. But 
all che ordinate linestozether in AI C D areiits moment ; and all 
the ordinate lines in AI'C B areits moment. Wherefore the 
moments of the Complements of the halves of Deficient figures 
in-che Table of the zd article of the 19th Chap. beins-compared,, 
are as the-Deficient figures themſelves; and therefore the Dia- 
meter of Equiponderation. will divide the ſtraightline AD in 
ſuch proportion , that the part next the Vertex be-to the other: 
part, as the complete figure A B C D is to the Complement 
AICD. 

Coroll, The diameter of Equiponderation-of theſe halves, may 
be found by the Table of the ;d article of the 15th Chapter in this 
manner. Let there be propounded any deficient figure, namely 
the ſecond three-ſided figure of two Meanes, This hourc 15 to the 
complete figure as * to 1, thatis as 3tro5, Wherefore the Com- 
plement, to rhe ſame complete figure isas z to 5; and therefore 
the diameter of Equiponderation of this Complement will cat 
the ſtraight line drawne from the Vertex aliedis the baſe, ſo, 
that the part next the Vertex will be to the other part as 5 _ . 


- 
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And in like manner , any other of the ſaid chree-ſfided figures 
being propounded , it the numerator of irs fra&ion (found our in 
the ,Table) be taken from che denominator , the ſtraight line 
drawn from the Vertex is to be divided, ſo, that the part next the 
Vertex be to the other part, as the denominator is to the remain- 
der which that ſubſtraction leaves. : 

11 Thecenter of Equiponderation of the halfe of any of thoſe 
crooked-lined figures which are in the firſt row of the Table of * 
the 3d article of the 17th chapter, is in,thar ſtraight line, which 
being parallel tothe Axis, divides the baſe according to the num- 
bers of the fraction next below it in the ſecond row , ſo, that the ' 
Numerator be anſwerable to that part which is towards the 
Axis. 

For example, let the firſt figure of three Means be taken,whoſe 
half is A BC D (in the 6th figure),and let the retangle A BE D 
be completed. The Complement therefore will be BC DE. 
And ſceing ABED is to the figure ABCD (by the Table) 
as 5 to 4, the ſame A BE D will be to the Complement BCD E 
as 5 to 1, Wherefore if F G be drawn parallel to the baſe 
D A, cutting the axis, ſo, that A G be toG Bas 4 to 5, the cen- 
ter of Equiponderation of the figure A B C D,will (by the prece- 
dent article) be ſomewhere in the ſame F G. Again , ſeeing (by 
the ſame article) the complete figure A BE D, is to the Comple- 
ment BCDEass5 to 1, therefore if BE and A D be divided in 
HandIas5 to 1, the center of Equiponderation of the Comple- 
ment B C DE willbe ſomewhere in the ſtraight line which con- 
ne&s H-and I, Let now the ſtraight line L K be drawn throuzh 
M the center of the complete figure, parallel to the baſe, and 
the ſtraight line NO, through the ſame center M , perpen- 
dicular to it;and let the ſtraight lines L K and F G cut the ſtraight 
line HIinP and Q. LetPR be taken quadruple toPQ ; and 
lctR M be drawn and produced toFGinS, RM therefore will 
be toM $as4to 1, that is, as the figure ABCD to its Comple- 
ment BC DE. Wheretore ſecing M is the center of the Com- 

plete figure A BE D.; and the diſtances 6f Rand $ from the cen- 
tcr M be in proportion reciprocall to that of the waight of the 
Complement BCDE to he waight of the figure ABCD, R 
and $ will cither be the centers of Equiponderation of their own 
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figures; or thole centers will be,urſan 
For no other ſtraight line can be drawn. 


oiinating in the ſtraight lines HI and F Gz and; 
portion of M R to M $, that is,of the figure A 


figures of the firſt row are divided by the diameters of Equifre 
deration.But the firſt row begins one place higher then the ſecond 
row. | | 
12 The center of Equiponderation of the half of any of the fi- 
gures in the ſecond row of the ſame Table of the zdarricle of the 
17th Chapter, is in a ſtraight line parallel to the Axis, and divi- 
ding the baſe according tothe nſibers of the fraQtion in the fourth 
row, two places lower, ſo, as that the Numerator be an{wcrable to 
' that part which is next the Axis. 

Let the half of the ſecond three-fided figure of two Means be 
taken; and letitbe ABCD (inthe9rh Figure) ; whoſe cample- 
mentisB C DE, andthe aa 36x. leted A BED. Lerthis 
reQangle be divided by the two ig/ ines L K & N O,cutting 

les; and becauſe ABE D 
is 


= 


one another inthe center M at right ang! 
Nn 
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is ABCD a5 top) ler ABbedividedin G, ſo,that AGto 
BG beas'z to y;andlet F G bedrawn paralleltorhe baſe. Alfo be- 
cauſe A BE D is (by the gth article) coBC DE as to 2,letBE 
be divided in the point I, ſo, that BI beto l E as 5 to 2; and letI H 
be drawn parallel to the Axis,cutting LKand FG in P and Q.Ler 
now PR be foraken, that itbero PQ as 3to2, and let RM be 
driwn and prodnced to FG 'in'S. Seeing therefore RP is toR Q, 
thatis,R MroM S,as ABC D is toirs complement BCDE, and 
the centers of Equiponderation of ABC Dand BCDE arcin 
the ſtraight lines FG and HI, and the center of Equiponderation 
of thetn both rogerher in the point M ; R will be the center of the 
Complement BC DE, and S the center of the ___ ABCD. 
And feeing P M, thar'is IN; is toQS, asR Pisro R Q, and IN, 
orPMis g of thoſeparts, of which BE; that is, F G is 14; there- 
fore QS is 5 of rhe parts; and E1, thatis F Q, 4;and F $,9, 
and G $, 5. Wherefore the ſtraight line $ T being drawn parallel 
to the Axiswill divide the baſe ADinto 5 and 9.Bur the fraion £. 
is faund in the fourth row of the Table,two places below the fra&i 
on? in the ſecond row, 
By the ſame method, if in the ſame ſecond row, there be taken 
the ſecond three-ſided Figure of three Meanes, the center of Equi- 
cration of the half of ir , will be found to be in a ſtraight line 
parallel to the Axis, dividing the baſe according tothe numbers of 
thefraQion 5 two places below im the tourth row. And the ſame 
way ſerves fort all the reſt of rhe Figures in the ſecond row. In like 
manner, the center of Equiponderation of the third three-fided 
Figure of three Means, will be found to be in a ſtraight line paral- 
lel ro the Axis, dividing the baſe, ſo, that the part nextrhe Axis, be 
ro the other part, as 7 to 13, &c, | 
Corolf, The Centers of Equiponderation of the halves of rhe 
ſaid Figures are known, ſeeing they are in the interſc&ion of the 
Rraighr lines S T and F G, which are both known. 
13 The center of Equiponderation of the half of any of the Fi- 
guwres,which(in the Table of the 3d Article of the 17th Chap.)are 
compared with their Parallelograms, being known , the center of 
Equiponderationof the exceſs of rhe ſame Fizure above its trian- 
ole, is alſo known. | . 
For 
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For ex c, let the Semiparabola ABCD- (inthe 8c 
be araquriar> Axis is A Bz whoſe cp is AaBE 
and whoſe exceſs above its triangle''is BCDB; ks ceacerof E> 
quiponderation may be fonnd our in this manner. Let FG be drawn 
parallel to the baſe, ſo,that A F bea third part ofthe Axis; 4nd ler 
HI be drawn lrothe Axis,fo,that A H be a rhirdparrvf che 
baſe. This PR—_ center of Equiponderationof' the trian- 
gle ABD, will 


produced to O, ſo, t 
center ſo 


to be found. | 
Corel, The Center of Equiponderation of the figure B DC 

is in the concourſe of rwo ſtraight lines , whereof one is paral- 

lcl to the baſe, and divides the Axis, fo, that the partnext the 

baſe be } or 54 of the whole Axis; the other is parallel torhe Ax- 


- is, and ſodivides the baſe, that the part towards the Axis be 4 or 
: 4zofthe whole baſe. For drawing O P parallel to the baſe,it will 


a_—_—_—— I... 


beasINtoNO, foFKto KP, tharis, ſo'1xto4,or $ to 15. But 


: AFis;;or3ofthe whole A By and AKis;5or%'and F K 7}; and 


KP-}3 and therefore AP is? of the Axis AB. Alſo AHis 4 or 
33 and AMZzor ;2of the whole baſe ; and therefore O Q being 
drawn parallel to the Axis, M Q (which is triple to H M) wilt be 


| 3} Wherefore AQis Zorzofthebaſe AD. + 


The excefles of the reſt of the three-ſided fi in the firſt row 
of the Table of the 3d article of the 19th Chapt ; havetheir 
centers of Equiponderation in two ſtraighe lines which a 

Nnz2 X= 


F þ 
& - F - "_ 
Ws 
. : 
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Axis and baſe accordingto..thoſe fraQtions, which adde 4 tothe 
numetarors: of the; fratigns of a Parabola 7} and 75; and 6 tothe 


£ 


denominators, in this mannner,. 


| Inthe firſt three-fided figure, The Axis 53, The Baſe 3< - 
In the ſecond three-fided figure,The Axis :2,Tfﬀe Baſe 2».&C. 


[ | R 

And by the ſame method; any man (if it beworth the paines) 
may find our the centers of E uiponderation of the exceſles a- 
bove their triangles of the reſt of the figures in the ſecond & third 
Fow , &c. 23 211 9 ons 
- I4 The center of. Equiponderation of 'the Sefor of a Sphere 
(thatis, of a figure compounded-of'a right Cone whoſe. Vertex is 
the center ef the Spherc,and the portion of the Sphere whoſe baſe 
is the ſame with that of the Cone),divides the ſtraight line which 
is made of the Axis of the Cone and halte the Axis of the. por- 
tion together taken, ſo, that the part next the. Vertex be triple to 
the other part ,:or to the whole ſtraight line, as z torg.- : 

For let A'B C (inthe gth fig.)be the Sector of a:Sphere, whoſe 
| Vertex is theccer:of the Sphere A , whoſe Axis is AD; and 
the circle upon BC is the: common baſe of*the portion of the 
Sphere andof the Cone-whole Vertex is A; the Axis:of which 
portion.is E-D',, and the halfe: thereof F D ;; andthe Axis of the 
Cone, A'E; Laſtly.let A G be3 of: the ſtraightline AF. I fay G 
is the center of Equiponderation-of the Setor ABC, 

- Letthe ſtraight line F Hbe drawne of any length, making right 

angles with AFatF; and drawing the ſtraight line A H, fer the 

triangle A F H.be made.. Then upon the ſame center A'let any 

arch I Ki be drawne , cuttinz A-Din Ly and its.chord, cutting 

AD-inM, and dividing/M L equallyin'N; let N:O be drawne 

— to the ſtraight-line F H , and meeting with the ſtraight 
ine-A H'in O; 

Seeing now BDC is the-Spherical Superficiesof the portion cut 
off with a plain paſſing through B C,and cutting the Axis at right 
angles ;-and ſeetng B H-divides E D the Axis ofthe poftion into 
two, equal parts-in F; the center of. Equiponderation of the m_ 

| cics 
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ficies BD C will bein F:(by the 8th article); and for the {; 
_ realonthe center of Equip deration of the Superticies I LKK 
. being inthe ſtraight line. AC) will bein N, Andin like manner, 
- if therewcre drawne between the center of the Sphere A and the 
- outermoſt Spherical Superficies of the Setor , arches infinite in 
number , the centers of Equiponderation of the Sphericall Su: 
perficies in whick thoſe arches arc,, would be found to be in 
that part of the Axis, which is intercepted berween the Superfi- 
cies it ſelfe and a plaine paſſing along by the chord of the arch, 
and cutting the Axis in the middle at right angles. | 

Let it now be ſuppoſed that the montent of the.outermoſt ſphe- 
ricall Superficies BD C is FH. Sccing therefote the Superiicies 
. BDC isto the Superficies I L K-in proportion duplicate to that 
of thearchBDC rothearchI LK, that is, of BE toI M, that 
is,of F HtoN O; letitbeas FH roN O,foN O toanother N P; 
and again , aSN O toN P,{o NP to anotherN Q. andlert this be 
done in all the ſtraight lines parallel ro the baſe FH that can 
poſſibly be drawn between the baſe and the vertex of the 
triangle A F H- If then through all the points Q there be- 
drawn the crooked line AQH, the figure AFHQA willbe 
the complement of the firſt rhree-ſi.led fizure of two Meanes ;. 
and the ſame will alſo be the moment of all the Sphericall Super- 
ficies of which the Solid Setor A B C Dis compounded ,z and by 
conſequent , the moment of the Se@or it ſelfe, Let now BH be: 
underſtood to be the ſemidiameter of the baſe of a right Core, 
whoſe fide is A H,and Axis A F.VV kerfore ſeeing the baſes of the. 
Cones which paſſe through F and N and the relt of the points of: 
the Axis, arc in proportion duplicate to that of the ſtraight lines 
F Hand N O,&c.the moment of all the bafes together, thar is, of 
the whole Cone, will be the fizure it felk AFHQA , and there-- 
fore the center of Equiponderation of rhe Cone AFH is the ſame 
with that of the ſolid Sector. Vherefore ſeeing A G is} of tte 
Axis A F, the center of Equiponderation of the Cone AF H is in+ | 
G; and therefore the center of the ſolid Secor-is in G alſo, and: 
divides the part A Fof the Axis, ſfo,thart AG. is triple ro G F; . 
thatis, AGisto A F as 3 to 4; Which was.to be demonſtrated. 
+ Note, that when the Sctoris a Hemiſphere, —— che 

one. 
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Cone vaniſherh into that point whichis the center of the Sphere, 
2nd therefore it addeth nothing to half the Axis of the portion 

Wherefore , if i in the Axis of the Hemiſ phere, there be taken 
from the center , 4 of halfe the Axis, thar is, of the Semidiame- 
ter of the Sphere , there willbe the center of Equiponderation at 


the Hemiſphere. 


— i ———— 
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"Ci, REIT 
Of Refraftion and RefleRion. 


Definitions. 2 In . perpendicular Motion there is no Refrattion. 
3 Things throws out of 4 thinner into a thicker Medium, are ſo refratted, 
that the Angle Refrated is greater then the Angle of Inclination. 4 Em 
deavour which from one point tendeth every way , will be ſo Refralted, as 
that the ſine of the eAngle Refraited, will be to the fine 0 the eAngle 
of Inclination , as the Denſity of the firſt CMedinns is to the Denſity f 
the ſecond Medium, reciprocally taken, 5 The ſine of the Refratted Angle 
in one Inclination ts to the fine of the Refratted Angle in awther Tnclination, 
as the fine of the Angle of that Inclination «s to the ſine of the Angle of this 
Inc lmation, 6 If two lines of Incidence having equal Inclination, be the one 
in 4 thinner, the other in athicker Medium, the fine of the wk Inclina- 
tion will be a Meas proportional between the two ſines of the ed angles. 
7 If the angleof Inclinationbe ſemiret, and the line of Inclination be in 
the thicker Medium, and the rtion of their Denſities be the ſame with 
thas of the Diagonal to the fide of a S quare,and the ſeparating Swperficies be 
plaingthe Refratted line will be m the ſeparating Smperficies. Þ If a Body be 
carried in a ſtraight line upon another Body , and do not penetrate the ſanpe, 
but be reflett ed from it, the anglt of Refiexion will be equal to the Angle of 
Incidence. 9 The ſame happens m the generation of Motion in the line of 
Tzcidence. 


Defint:1045, . | 
EFRACTION , isthe breakingof that ſtraight Lize, in 
which a Bodyis moved , or its Aﬀtion would procced in 


R 


one and the ſame Medium,into two ſtraight lines,by reaſon of 
the different natures of the two Mediums. 

The former of theſe is called the Ze of Incidence z the later 
the Refrafled Lie. 
The Poznt of Refrafion, is the common point of the Line of In- 
cidence and of the Refrated Line. 


4 Tlie 
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The Refrafts cies, which allo is the Separating Superficies 

of the owe dledians, is that in which.-is hopeiar ef en 

ion. 

5 The Azele Refrafied, is that-which the Refrated Line makes 
in the p<int of Refraftion ,-with that Line which from the 
ſame point, is drawn perpendicular to the ſeparating Superfi- 
cics in4 different Medium. LN 4 | 

6 The Azgle of Refratlien,is that which the Refrafted line makes 
with the Line of Incidence produced. 

' 9 The Angle of Inlivation is thatwhich the Line of Incidence 
-makes with-that Line which from the :-point of Refra@ionis 
drawn perpendicular co the ſeparating Superficies, 

'8 The Argleof Iicidence, is the Complement to aright Angle of 

the Angleof Inclination. r 
YAnd ſo,(in the firſt Figure)the, Refra#7ox is made in A B F.The 
\Refratied Line is B F. TheLine of Incidence is A B. The Poz-t of 
"Incidence,and of Refrattlion is B, The Refratiing or Separating Su- 
perficies is D BE.The Lize of Incrdence produced direfily is ABC 
'The Perpendicalar to the ſeparating Superficies is BH. The 
Angle of Refrafion is-C BF, The Angle Refrafted is H BF. 
The Azgle of Tadinat;on is AB G or H B C.The Azgle of Inci- 
dence is ABD. 
9s Moreover the Thinner Medium, is underſtood to be that in 
which there is leſs reſiſtance to Motion or to the generation of 
Motion; & the Thrcker, that wherin there is greater reſiſtance, 

10 And that Medium in which there is equal reſiſtance every 
whereyis a Homogeneow Medium, All other Mediums are Hete- 
rOgeneom. 


+ 


2 If a Body pals,or.there be generation of Motion , from ane 
Medium to another of different Denſity , in a line perpendicufar 
te the Separating Superficiesz there will be no RefraQtion. 

For ſeeing on every fide of the perdendicular all things in the 
Mediums are ſuppoſed ro be I1ke and<equal ; if the Motion it ſell 
be ſuppoſed to be perpendicular , the Inclinations alſo will be c- 

nal, or rathernone atall; and therefore there, can be no cauſe, 
from which Refration may-be interred to be on one ſide 'of rhe 


Pw: 


" OY ed nr ue! 
Refra&ion on the other ſi 

Red line will beevmywhicte; entiicks crew be 
no Refracted line arath, whiekt was tobe demonſtrated, 
Cord. It is manifeſt from hence;thar the cecſog 
ſiſteth onely in the obliquiry of rhe line of 
Incident Body penetrate both the Mediums , or nichawe =r=kry 

ting, propagate motion by Preſfurconely. 
; If « Body,withour change of firuation of its internal parts, 
as5 le be moved quely ont of che thinner Medium, and 


poorbng che ehicker Medium; and che thicker Me- 
heck,ane as ee Foo its internal parts moved,reſtore them- 
args to their former ſituation; jr apts angle raced will be greater 
then the angle of Inclination. 
For let D BE (in the ſame firſt gue) be the ſepraing Sper 
ficies of rwo Medinms ; and let a Body ,as a fine 
derftood to be moved asis fp rpm Fo Can 


; and BC inthe 


other 
= 


let A Bbc inthe thinner as inthe 
thicker,as in the Warer.I ſay the ſtone, wb 
in the line A B,will noe he BCs 
line, namely that , with which the perpendicular BH maker th BY Hm 
RetraQed angleH BF greater then the arple of ficlination HBC 
For ſcring the ſtone coming from A, Kr 
that which i ar B proceed towards H, andthat 
all the fir _ hnes which are pepemnbot ri 4 Be Fringe 
parts moved reftore themſelves by on in the 
line; rhere will be contrary motion OE antin afke 
lines which are parallel toit. Wherefore the motion of the 
ſtone will be made by the concourſe of the mations in AG, thatis, 
is D B, and in GB, that is;in DEL anthdy; 1H Dar 6, dyche 
concourſe of three motions. Butby rhe conconrfe of the morions 
A G and BH, theftone will be carried toC;; EE 
ding the motion inH B, it wiltbe carried 
PS HASIIIES angle HBF bs, ver then the angſe 
——_ why Podievwhich 
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' arc thrown.in a very oblique line; if either chey be any thing flax, 
or be thrown andy orce,will when they fall apon the water, 
be caſt up again from the water into the aire. _ 

Forlet AB (in the 2d e) be the ſuperficies of the water;in- 
to which from the point Cyler a ſtone be thrown in the ſtraight line 
C A,making with the line BA produced very little angle CA D; 
and producing B A indefinitely to D, let C D be drawn perpendi- 
cular to it, and AE parallel ro C D. The ſtone therefore will be 
moved in CA by the concourſe of two motiongin C D and DA, 
whoſe velocities are as the lines themlſelves C D and D A. And 
from the motion in C D and all its proceed downwards, -as 
ſoon as the ſtone falls upon A, there will be Reaction upwards, be- 
cauſe the water reſtores ir ſelf to its former ſituation, If now the 
ſtone be thrown with ſufficient obliquity , that is, it the ſtraighr 
line C D be ſhort enough, that is , if the endeavour of the ſtone 
downwards be leſs then theReaQtion of the water upwards,thar is, 
leſs then the endeavour it hath from its own gravity,(for chat may 
be), the ſtone will(by reaſon of the exceſs of the endeavour which 
the water hath to reſtore it ſelf , above that which the ſtone hath 
downwards) be raiſed again above the Superficies AR, and be 
carried higher, being refle&ed in a line whuch goes highes, as the 
line AG. | | 

4 If froma point, whatſoever the Medium be, Endeavour be 
propagated every way into all the parts of that Medium ; and to 
the ſame Endeavour there be obliquely oppoſed another Medium 
of a different nature, that is;ceicher thinner or chicker;zthat Endea- 

your will be ſo refracted, that the ſine of the angle Refraced ,.to 
the {ine of the angle of Inclination,will be as the denſity of the firſt 
— to the denſity of the ſecond Medium, reciprocally ta- 
en, 

Firſt, let a Body be in the thinner Medium in A (Figure 3d.); 
and let it be underſtood to. have cudeavour every way; and conſe- 
quently that its endeavour proceediin the lines A B.and Ab; to 
which ler B the ſuperficies of the thicker Medium be obliquely 
oppoſcdin. Band 6, ſothat AB and Abbe equal; and let the 

aight line Bb be produced both wayes. From the points B and 
lt the perpendiculars B C and. bc be drawn; and uponthe centers 

B 


Band 4, and at the equal diſtances BA and4 A, let the Circles 


AC and A c be deſcribed, cutting BC and bc in C and, and the' 


ſame C Band c bproduced in Dandd, asalſo AB and AG 


duced in E and e. Then from the point A to the firaight lines 


BC and 6c let the Mx as AF and Af bedrawn. AF 
therefore will be the {ine of the angle of Inclination of the ſtraight 

line A B, and A f the fine of the angle of Inclination of the ſtrai 
line Ah, which two Inclinations are by conſtrution made I 
ſay , as the denſity of the Medium in which are BC and &c, is 
to the denſity of the Medium in whicnare BD and 6d, fois the 
ſine of the angle Refraded, to the fine of the angle of Inclination, 
Let the ſtraight line F G be drawn parallel to the Rraight line 

A B, meeting with the fraight line 6B produced in G. 
Secing therefore A F and BG are alſo they will be c- 
ual; andconſequently, theendeavour in A F ba rf 01A in the 
ame time, in which the endeavour in BG would be propagated 
if the Medium were of the ſame denſity. But becauſe BG is in a 
thicker Medium, that is, in a Medium which refifts the endeavour 
more then the Medium in which A F is, the-endeayour will be 
propagated leſs in BG then in A F, according to the rye: - 
tion which the denſity of the Medium in which A F is, hathcothe 
denſity of the Medium in which B G is: Let therefore the denſity 
of the Medium in which BG is, be to the denſity of the Medium 
in which AFis, as BG isto B H, and let the meaſume of the time 
be the Radius of the Circle, Let HI be drawn parallel to-B D, 
meeting with the circumference'in I; and from rhe point I let I K 
be drawn perpendicular toB D;z which being done, BH and I K 
will be equal;and I K will be to A F,as the denſity of the Medium 
in whichis AF, is tothe denfity of the Mediumin which is I K. 
Seeing therefore in the time A.B (which is the Radius of the 
Circle) the endeavour is propagated in A F inthe thinner Me- 
dium, it will be ——— in the ſame time, that is, in the time 
BI in the thicker Medium from K to I. Therefore BI is the Refra- 
Red lineof the Hine of Incidence AB; and IK is the ſine of tte 
og Refraced; and AF, the fine of the angle of Inclination. 
Wherefore ſceingIKisto AF, as the denſity of the Medium in 
which is AF to the denſity of the Medium in which is IK; 
it: will be as the denſity of the Medium'in which 45 AF, (or 
Oo 3 BC) 
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BC) to the denfiry of the Medium in which'is I K (of BD),fothe 
ſine of the antleRefraced ro the fine of rhe angle of [nclination. 
And 'by the ſame reaſon it may be ſhewn, har as rhe denſity of 
the thinner Medinm is tothe denſity of the thicker Medium, fo 
will KI rhe fine of the angle Refrated be wo AF the fine of the 
ole of Inclination. 

| Secondly, ler the Body which endeavoureth every way , be in 
the thicker Medium at 1, Tf therefore both the Mediums were of 
the came denſity, the endeavour of the Body in I B would tend di- 
re&ly ro L ; and the ſine of che of Inclination L'M would be 
equal to I'K or BH. But becauſe rhe denſiry of the Medium in 
which is IK;to the denfity of the Medium in which is L Mis as BH 
to B G, that is, to A F;the endeavour will be propagated further 
inthe Medium m which LM is, then in the Medium in which 1 K 
is, mnt ior of denfiry to denſiry , thatis, of ML to AF: 
VWherefore'B Abcing drawn, the angle RefraQted will be CB A, 
and ts fme AF. But LM is the fine of 'the angle of Inchnarion ; 
and therefore agzin, as the denſity of one Medium is to the denſi- 
ry of the different Medium, ſo reciprocally ts the fine of the angle 
Retra@cdto the ſine of the angle of Inclinarion; which was tobe 
demonſtrated. 

In this Demonſtration,I have made rhe ſeparating Superficies 
B plain by conſtruction. But though it were concave or convex, 
the Theorene would nevertheleſs be true. For the Refraction be- 
ing made in the point B of the plain ſeparating Superficics , if a 
crooked line, as þ be drawn, touching the fepararing line in the 
point B; neirher the Refradted linc BI, nor the perpendicular BD 
will be altered; and the Refractedangle KB, as allo irs fine KI 
will be ftill the ſame they were. 

5 The fine of the angle RefraQtedin one Inclination, is tothe 
fine of the angle Refratedin another Inclination , as the fine of 
the angle of that Inclination to the fme of rhe angke of thisIncli- 


mation, 


For wologths ſe of the Reſraed angle is to the fine of the 
c 


angle of Inclination,(wharfoever that Tnclination be)as the denſity 


ot one Medium, torhe denſity of the orher Medium ; the l- 
eit of the ſine of the Refracted angle, tothe fine of the angle of In- 
clination,wiUbe compounded of rhe proportions of denfiry to den- 


lity, 
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,and of rhe:fineof the angle of ane Indlitiationtoche (neobriie 
up the other Inclinarion. But'the proportions of rhedenſities 
in the ſame Homogeneous Body, are. d:to be the ſame: 
Wherefore Refradted angles in different Inclinations.; are as rhe 
_— the angles of thoſe Inclinations ; which was robe-demont- 
ſtrared. 

6 If twolines of Incidence having equal inclination,be the one 
im a thinner, the other in a thicker Medium;the fine. of 
their Inclinarion , will be a mean propornongl berween rhe 
fines of their angles Refraced. -j 

For {et the ſtraight line AB(in the ſame 3d figure)have its Iprhi- 
nation in the cthirmer Medium, and be rcfrated in the thicker Me- 
diumin BI; andlet EB have as much Inclination-in thEthicker 
Medium, and be refraQed in the thinner Medium in and let 
RS the line of the angle Refracted be drawn, Lſaytheftrai 
lines R S,A F andI K are in continual proportion. For it is,-as 
denſiry of the thicker Medium to the defifiry of the thinner Me- 
dium,ſoR$ ro A F.Bur it isalſo,as the denſity of the ſamerhicker 
Mediumzto thar of the famethinner Medinmfo:AF xo IK; Where- 
foreRS.AF::AF.I K are propoortionals; that.is,.RS,A F' and 
I K are in continual proportion, and AF is the Mean proportio- 
nal; which was to be proved, | 
7 Ifrheangleof Inclinatrion be ſemire& , and the line of Incli- 
nation be in the thicker Medium, and the proportion of che Deali- 
ties be as that of a Diagonal to the fide of its' Square, and rhe 
fepararing Superficies be plain, the Refrafted line will bein rhar 
ſeparating Superficies. 

For in the Circle AC (in the gth figure ) letrherangle of Incli- 
nation A BC be an angle of 45 degrees. Ler'CB»be profiucedm> 
the Circumference in D, & let C'E(rhe fine of the angle EBCYhe 
drawnJto which,let B F be taken equal in che ing lineB G.. 
B C E Fwill therefore be a Parillelogram, & F E & BC,rhar Is, 
FE and BG equal. Let AG be drawn,namelyxhe Diagonal of che 
Square whoſe {ide is B G; anditwillbe, as AG toE F, ſoBG 
to.B F;8 ſo(by ſuppoſirion)the denſfityofthe Medinm in whichC 
is,to the denfiry of the Medium in which D iszando alſo thefiric 
of the angle Refraced 'to-the fine of che angle of Inclination. 
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226 of the PROPORTIONS of Pare 3; 
Drawing therefore F D, & from D the line D H ipependiculer eo. 
AB produced; DH will be the fine of the angle of Inclination. And 
ſecing the ſine of the angle Refracted is to rhe ſine of the angle of 
Inclination, as the denſiry of the Medium in which is C, is to the 
denſity of the Medium in which is D, thar is , (by ſuppoſition) as 
A Gisto F E,that is,as D His to BG;and ſecing D H 1s the fine of 
the angle of Inclination,B G will therefore be the ſine of the angle 
Refradied. Wherefore B G will be the RefraQed line, and lye in 
che: plain ſeparating Superficies ; which was to be demonſtrated. 

Coroll, It 1s therefore manifeſt , that when the Inclination is 
greater then 45 degrees, as alſo when it is leſs, provided the denſi- 

be greater,it may happen that the RefraQion will not enter the 
hinder Medium at all. 

$ If a Body fall in a ſtraight line upon another Body , and do 
mnotpenetrate it, but be reflected from it, the angle of Reflexion 
will be equal to the angle of Incidence. 

Let there be a Body at A (in the 5th figure), which falling with 
ſtraight motion in the line A C upon another Body at C , paſſeth 
no further, but is refle&ed; and let the angle of Incidence be any 
angle, as ACD. Letthe ſtraight line C Ebe drawn , making 
with DC produced the angle E C F equall to the angle AC D; 
and let AD be drawn perpendicular to the ſtraight line D F. 
Alſo in the ſame ſtraight line D F let C G be taken equall to CD; 
and let the perpendicular G E be raiſed,cutting CE in E.This be- 
inz done, the triangles A C D and E C G will be cquall and like. 
Let CH be drawnequal and parallel to the ſtraight line A Dz 
and let HC be produced indefinitely to I. Laſtly let E A be 
drawn, whic will paſſe through H, and be parallel and equall to 
GD. Ifay the motion from A to C in the firaight line of Inci- 
dence AC, will be reflected in the ſtraight line C E. 

For the motion from A'to C is made by two coefficient or con- 
current. motions , the one in AH parallel to DG, the other in 

AD perpendicular to the ſame D G; of which two motions, that 


in A H workes nothing upon the Body A after it has been moved 


as farre as Cbecauſe (by ſuppoſition)it doth not paſſe the ſtraight 
line D G ; whereas the endeavourin A D, that is in H C, work- 
cth further towards I, But ſeeing it doth onely prefle and not pe- 

netrate 
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- perrates thicre' will be reaRion. in H\; which: .cquſech} mation 

from Crowards Hz andin the mean timecbeqorionid HE!re- 
maines theſame it was-in A H; and therefore the; now 
be moved by the concourſe of two motions inC-Hand-HE,which 
are equall ro the two motions it had formerly in- AH-and HC. 
Wherefore it will be carried on in C E.The angle thexefereofRe- 
fletion will be ECG, equall (by conſtruction) to the angle 
A C D; which was to be demonſtrated. 

Now when the Body is conſidered but as a point , ir is all one, 
whether the Superficies or line in which the Refle&ion is made, 
be ſtraight or crooked ; for the point of Incidence and Reflexion 
C, is as well in the crooked line which toucherh D G in C, as in 
D Gitlelte. 

9 Burif we ſuppoſe that not a Bodybe moved,but ſome Endea- 
vour onely be propagated from. Ato C , the Demonſtration will 
neverthelefle be the ſame. For all Endeavour is motion ; and 
when ir hath reached the Solid Body in C, it preſſeth it , and 
endeavoureth further in CI. Wherefore the reaQion-will pro- 
ceeglin CH ; and theendeavour in CH concurring with the en- 
deavour in HE, will generate the endeavour in CE , in the ſarge 
manner as inthe repercuſſion of Bodies moved. 

If therefore Endeavour be propagated from any point to the 
concave Superficies of a Spherical Body, the Reflected line with 
the circumference of a great circle in the ſame Sphere, will make” 
an angle equall to the angle of Incidence, 

' For if Endeavour be propagated from A (in the 6 fig.) to the 
circumference in B, and the center of the Sphere be C, and the 
line C B be drawne, as alſo the Tangent DBE ; and laſtly if rhe 
angle F B D be made equall to the angle ABE , the Reflexion 
will be made in the line BF, as hath been newly ſhewn, Where- 
fore the angles which the ſtraight lines. A B and F B make with 
the circumterence, will alſo be equall. Bur it is here to be noted' 
that if C B be produced howſoever to G,the endeavour in the. line. 
GBC will proceed onely from the- perpendicular reaQion in 
G B; and that therefore there will beno other-endeavour- in the 
point B towards the parts which are within-the. Sphere , beſides. 
that which tends towards the center, Aba 
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- *u88 . Of the PROPORTIONS ff 
1.-i AmdhereT put an end tothe third '-chis Diſcourſe 
which Lhave conſidered Motion and: I 
che abſtract. The fourth and laſt part, the Pharomens of 
Nature, thatis to ſay , concerning the Motions and Ma 
ofthe Bodies which are berooffe 
13 that which tollowes, 


the World, reall and exiſtent, 
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PHYSIQVE SS; orthe 
' PHENOMENA of © | 
 NATVRE +5 -ib 


Caae. XR V. | 
Of Scale aud Animal Motian;.. -: 5 


1 The connexion of what hath been ſaid with that which followeth, 2 The 
inve = of the nature of Senſe, and the Definition of Senſe. 3 The bp, 
Subjett and Objett of Senſe, 4 The Organ of Senſe. 5 «All Bodie® _ 
are not indued with Senſe, 6 But one Phantaſme at one and the ſame "2, 
time. 7 Imagination, the Remayns of paſt Senſe, (which alſo is Memos, 
ry). Of Sleep. 8 How Phamaſmes fad one another. 9 Dreames, 
y whence they proceed, to Of the Senſes, their kjndes, their Organs » and 
Phantaſmes proper and common, 11 The Magnitude of Images, how and 
by what it us determined. 12 Pleaſure, Pain, Appetite » and Averſion, 
what they are. 13 Deliberation and Will, what, 


Have (in the firſt Chapter) defined Philoſophy tobe 
Kos ledge of Effetis acquired by true Ratiocination, from 
krogledge firft had f their Cauſes and Generation, 
and of fock Cauſes or Generations as may be, from former 
knonledge of their Effelsor Appearances, There are 

therefore two Methods of Philoſophy , One from rhe Genera-- 

tion of things to their poſſible Effefts , and the other from their K 

Effesor Appearances to ſome poſſible Generation of the ſame. 

In the former of theſe, the Truth of rhe firſt Principles of our ra-- 

tiocination (namely Definitions) is made and irured by our 

ſelves, whileſt we conſent and. agree about the Appellations of: 
things. And this part have finiſhed inthe foregoing Chaprers; 
in which (ifI am not deccived) I have affirmed nothing ( — 
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the Definitions themſelves) which hath not good coherence with 
the DefinitionsI have given; that is to ſay, which isnot ſufficient! 
demonſltzatcd pane thee agyee with me inche uſe of Words 
and Ap ton ” _—_ _ £4 aye wrings the fame, I 
now enter upqp the © g W is ding out by the 
Ct Effe&s of Mamie which we know by Zenſe,fome 
wayes and means by whichthey way be (I do not ſay , they are) 
enerared. The Principles therefore , upon which the following 
I fcourfe depends, are not fuch as we our felves make and pro- 
nounce in general terngs, as Pefzaitions , but ſuch, as bein placed 
in the things themſelves by the Authour of Nature, are = us ob- 
ſerved in _ and we make uſe a | in ſingle and particular, 
not univer panes us. Nar impoſe upon us any ne- 
ceſlity of conſtituting Theoremes;their uſe being onciec though not 
wixhagr ſuck geacral Prapolicipus as have been already demon- 
rated) to hew us the iliey of ſame produttion or generati- 
on. Seein2 therehfesc the Science which is here rayght , harh its 
Principles tn the Appearances of Nature , and endeth in the at- 
tayning of fome knowledge of Natural cauſes, I have given to this 
Part , N etitleof PHYSIQUES, or the PH £80 MENA 
of NATURE. Now ſuch things as gppear > or are ſhews to us by 
diane: we call Phezormexe or Appearances. 

Ot all the Phenomens, ar Appearauces which are ncer us , the 
molt admirable is Apparitzon it ſelf , 5} gatreokars namely , that 
ne Nacused Bodies haven themſelves the patterns of all 
things aud others.of none at all. So that if the Appaguanceshe the 
Peinciples by which we know all other thingy, we nant needs ac- 
be the Principle by which we know thake Prin- 
eplcs;&-that all the knowledge we have is derived from ir. And as 
tar-the caules of Se , we cannot begin our ſearch of them from 
any: athar 2hexommer: then that of Serſe it ſelf. But you will ſay, by 
was Senfc ſhall we take notice of Senſc > I anſwer, by Senleit 
oy » by che Memory which for ſome time remains in us 


things ſenſible , though they them(clues paſs away. Fos he that 


perceives that be hath perceived , remembers. ; 
- nebefirfi place therefore the cauſes ef our Perception, that 155 


thecauſcs of thoſe Ideas and Phanzafmes which anc pg 
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penerated within us whileſt we make uſe of our Senſes, are to be - 
wed into; and in what manner their generation p k 
To help which Inquiſition , we may obſerve firſt of all, thar our 
Phantaſmes or m_— ns not ap—ayes the —_— but that new ones 
appear to us, and old ones vaniſh , accerding as we apply our 
Organs of Senſe, now. to one Obje@, now to another. oF Can hoot 
they are generated , and perifh. And from hence it is manifeft, 
char they are fome change or mutation-m the Sentient. IE 
2 Now that all Mutation or Alteration is Morion , or b- 
vour (and Endeavour alſo is Motion) in the imernal paprs of the 
thing that is altered, hath been proved (im the gth Article of the 
3th Chapter) from this, that whileſt even the leaſt parts of any 
Body remain in the ſame ſituation in refpe@ of one another,it can- 
not be ſaid rhar any alteration (unleſs perhaps ttize rhe whole Ho - 
dy together hath been moved) hath hapned ts ir; but das gh 
appearerh and js the fame ir appeared & was before. Senfe rhere- 
fore in the Sentient, can be nothing elſe but motion in ſorc of the 
internal parts of che Sentient ; ws. the parts fo moved, ate. 
of the Organs of Senfe,For the parts of our Fody by which ye per- 
cetve any thing, are thoſe we commonly calf the Organs of Senfs, 
And fo we find whar is the $ubje of our Senſe, namely, chat in 
which are the Phantaſmes ; and pe fre have cted 
the nature of Senſe, namely, thar it is ſome inrernal Motion in the 
Senttent. 

I have ſhewn beſides (in the 3th Chap.at the 7th Areicte) ther 
no Motion is generated bur by a Body comiguons and Moved. 
From whence it is manifeſt, rhat the immediate cavfe of Senſe or 
Perception econfifts in this , thar the firſt Organ of Senfe is touch- 
ed and preffed. For when the uttermoſt pare of the Organ is pret- 
ſed, itno ſooner yeilds, be the part next within it, is preffed alto; 
andin.this manner, the preffure or Motior: is propagared c—_ 

che pr 
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all the parts of che Organ to the innermoſt, And rhns alfo 
fure of the nuttermoſt proceeds from the 
more remote Body, and fo continually, till we come to that from 
which, as from its fonntain we derive che Phantafme or Idea het 
* ts made tus by our Senfe. And chis, ever itbe, is that we 
commonly call the OhjeF. Senfe therefore is fome internal 
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inthe Sentient, generated by ſome internal Motion of the parts of 
cacObjet, and propazated through all the Medza to the inner - 
molt part of the Organ. By which words I have almoſt defined 
what Senſe is. 

|Moreover,I have ſhewn (in the 2d Article of the 15 Chapter) 
that all Reſiſtance is Endeavour oppoſite to anotaer Endea- 
vour , that is to ſay, ReaCtion. Seeing therefore there is in rhe 
whole Organ by reaſon of its own internal natural Motion ; fome 
Reſiſtance or Rea@tion againſt the Motion which is propa- 
gared from the Obje& to the innermoſt part of the Orzan, 
there is alſo in the ſame- Organ an Endeavour. oppoſite to the 
Endeavour which proceeds from the Obje& , 1o that when thar 
Endeavour inwards is the laſt a&tion in the ad of Senſe, then-from 
the ReaQion, how little ſoever the duration of it be, a Phantaſme 
ar Idea hath its being; which by reaſon the Endeavour is now out- 
wards, doth alwayes appear as ſomething ſituate without the Or- 
gan, So that now [ ſhall give you the whole Definition of Senſe,as 
1r.is drawn from the explication of the cauſes thereof, and theor- 
dcrof its generation, thus ; SEN SE «4 Phantaſme , made by the Rea- 
Fizons and endeauour outwards in the Organ of Senſe, cauſed by an Endeavour 
wards from the Objet, remayning for ſome time more or lefſ. 

3 The Suhje8 of Senfe, is the Sertzent it ſelf, namely, ſome living 
Creature ; and we ſpeak more corre&ly , when we ſay a Living 
Creature ſecth , then when we ſay the Eye ſeeth. The 06jeit, is the 
thing Percezvedzand it is more accurately ſaid,that we ſce the Sun, 
then that we ſee the Light. For Light8& Colour & Heat & Sound, 
and other qualities which are commonly called Se-ſidle, are not 
Okbjefs, but Phantaſms in the Sentients. For a Phantaſm is the 
aQ.of Senſe, and differs no otherwiſe from. Senſe then fiers (thar 
1s, Being a doing) differs from Faftwn eſſe , (that is , Being done) 
which difference, in things that are done in an Inſtant, 1s none at 
all.; and a Phantaſme is made in an Inſtant. For in all Motion 
which proceeds by perpetual propagation, the firſt part being mo- 
ved moves the ſecond, the {i OTE. third, and ſoon tothe laſt, 
and that to any diſtance how great ſoever. And in what point of 
time the firſt or formoſt part proceeded to the place of. the {c- 
cand, which is thruſt on ; in the ſame point of time the laſt ſave 

one. 
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roceeded into the plage of-zheilak Yolding Parks, which by 
on the lame inſtant;it rhe reacion be ſtrong enough 

a a Phancalme, and.a Phantaſme being made , Perception RAE 


together with it, | 

4 The Organs of Senſe , which are in, the Seogien ». aps Tac 
parts thereof, that if they be hprr.,;che.very = 
main intire. Now. e parts. m che moſt of, 
are found to be certain Spirits and Membranes, which 
from the.P:4 Mater, involve the Brain andall the nal Bake 
ther parts, as being ſtirred, the Hart alſq, ln 1548 
all Senſe is ſtirred together, with chem .Forw, gn 
of rhe Obje reacherh the cry Ca Ye SENS oo 


taſmes 15 thereby deſtroyed , though all. che PhS 
Brain it (elf, and the Arteries whicharein Ea pet = 
_ 2w/ok 


on no further, no Senſe follows... Fires 
betwcen the Brain and the Heart by te pi 


5 But though all Senſe;as I have ſaid;be.made ibs Keating 
thele(s ir is not neceſſary, that every [ching that : 

have Senſe. l know:there have been Philolophe 

men, who have maintgined thax 9HPodjes rd 
Nor dol ſee how they can be. refuted , if 

placed in ReaCtion onely.. And., though by eo | 
inanimate a Phantaſme might. be made ,.it. wou'd js 


ceaſe , as ſoonas eyer the. bict were removed.,F 29540) ; F 
Bodies had Ora @hvingC C4rofures have) fich be he.xeta - 


morion in, the Organ , by ah the hs mars nererd "Ih 
remain there for ſome time, and make the ſame p18 re- 
turk 
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tir, Wherefore Senſe, as I here emderftend it, and which is 
commentyfo calted , hath neceſſarily ſome memory to 
iry by which formerand later Phantafmes may be com to- 
gether, and diſtinguiſhed from one another. 

$en{t therefore properly fo called, muſt neeeffarily have in it a 

ual yericty of Phanrafines, tharthey maybe difcerned ane 
rom! mother, For if we ſhould ſuppoſe a mar to be made with 
cer Eyes and all che reſt of hts Organs of Sight well difpoſed,bur 
with no other Senſe; and thar he ſhould look onely upon 
one thing,which is alwayes of the fame colour and figure wi 
the leaſt ap e of variety, he woutd ſeem to. me, whatſoever 
others may ſay tofee , nomore then [ feerrto-my ſelf to feel! the 
Bones of my own Limbs by my Organs of Feeling ; and yet thofe 
Banes are alwayecs, and on all fides rouched by a moſt fenfible 
Membrane. Emighrt perhaps fay he were aftonithed, and looked 
upon-it; butT frond not fay he faw it; itbeing almoſt all one for a 
man cobc —_—— fenfible of one and rhe ſame thing,and'not to be 
lenfidte at alt of any thing. 

6 Atiffyer fnch 15 the nature of Senſe, that.it does not permit a 
man to diſcern, many things at once, For ſecing the nature of 
Seirfe confifts in Motion; as long as the Organs are employed abour 
one Obf, rhey cannot be ſo Moved by anorher at the ſame time, 
as tomakehy borh-rheir Morions one fmcere Phantafme of each 
__ © yeni pans ma two feveral bneqm 1 _—_ 

e ma rwo Objects working rogerher , but onely one Phan- 
rafme pe Brad = och the ation of both. i | 

Befides, as when we dividea Body, we divide its place; and 
when we reckon many Bodics,we muſt neceffarily reckon as many 
places; and contrarily, as I have ſhewn in the fir Atticle of the 
7th Caper what number foever we ſay there beof Times,we 
muft uv ndthe ſame number of Mottons'alfo ; and as oft as 
we count many Motions,ſo oft we reckon many times. For thongh 
the obje& we looke upon be of diverſe colours , yet with thoſe di- 
verſe cofonrs it is but one varied Obje& , andnor variety of Ob- 
ſecs... 

, Moreover ,, whileſt thoſe Organs which are common to all the 


Senfes (ſuch as are thoſe parts of every Organ which cm" - 
en 
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Men) fram the root of the Nerves , torhe Hart). wed vip woes 
Atirred by a ftrongaRionfrom ſome one ObjeR, they art by re: 
of rhe contumacy which the morion they have a es them. 
againft rhe ceceprion of at{ other morion) maderhe Teffe fitto re- 
ceive any other impreffion from whatſoever other ObjeQs, to 
what ſenſe ſoever thoſe ObjeRs belong. And hence it is, thatan 
earneft ſtudying of one Obes , rakes away the Senſe of all ether 
* Obje&s for the preſent. For Staay is norhing elſe bur a poſſeſſion 
of the mind , rhar is to fay, a vehement motion made by ſore one 
Obje& in the Organs of Senſe, which are ſtupid ro aff other mapti- 
ans as long as this lafterh; according to what was faid by Terence, 
Populus Put ftupidus in funambulo animum occuparat, For what is St«- 
por but that which the Greekes call 3,a.gHoias riat is, a cefſa- 
rion from the Seaſe of other things > Wherefore at one and the 
ſame rime, we cannot by Senſe perceive more then one fingle 
Obje& ; as in reading , we ſee the letters ſucceffively ohe by one, 
and not all together, though rhe whole Page be prefented to our 
eye; and though every ſeverall lerter be diſtinftly written there, 
yet when we looke upon the whole page at once; we read nothing.. 
From hence it is manifeft , that every endeavour of the Orga: 
@urwards, is not to be called Senſe, but that onely which at feve- 
rall times is by Vehemence made ſtronger and more prxdomi- 
nant than the reft ; which deprives usof rhe Senſe of ather Phari- 
trafmes, no otherwife then the Sun deprives the reſt of the ſtarres 
of light, not by hindering their a&ionbut by obſcuring and hiding 
them with his excefle of brightneſle. 
7, But the motion of rhe Organ,by which a Phantaſme is made, 
s not commonly called Senſe , except the Obje& be preſent. And: 
the Phantaſme remaining after the Obje& is removed or paſt by, 
is called Fazcy, and in latine Imaginatio, which word (becauſc all 
Phantaſmes are not Images) doth not fully anſwer the fignificati- 
on of the word Faxcyin 1ts generall acceptarion. Neverthelefle I 
may uſe it ſafely. enongh , by underſtanding it for the Greek 


PUT Log. : 
IMAGINATION therefore is nothing elfe but Sexſe decaying, 
orweatned,by the abſence of the Obje@.But what may be the canto 
efrhis decay or weakning > Is the Motion the weaker becauſe = 

; | Ob- 
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'Objett is taken away + If it were, then Phantaſmes would alwayes 
and neceſſarily be leſs cleare in the Imagination , then they arc in 
Senſe; which 15.not true, For in Dreams (whichare theImagina- 
t10ns of thoſe that {leep) rhey are no leſs clear then in Senle ir ſelf, 
But the reafon why in men Waking the Phantaſms of things paſt 
are more obſcure then thoſe of things preſent, is this, that their 
Organs being at the ſame time moved by other preſent Objects, 
thoſe Phantaſmes are rhe leſſe predominant, VVhereas in Sleep, 
che paſſages being ſhut up , externall a@ion doth not at all di- 
ſturbe or hinder internall motion. 

If this be true, the next thins to be conſidered, will be, whether 
any cauſe may be found out, from the ſup ofition whereof it will 
follow , that che paſſage is ſhur up from the externall Obje&s of 
Senſe to the iaternall Organ. I ſuppoſe therefore, that by the con- 
tinuall a&ion of Obje&s, (to which a Reaction of the Organ, and 
more eſqecially of the Spirits, is neceſſarily conſequent) the Or- 
gan is wearied, that is, its parts are no longer moved by the Spi- 
rits without ſome pain; and conſequently rhe Nerves being aban- 
doned and grown flack , they retire to their fountain which is the 
cavity either of the Brainor of the Heart ; by which means the a- 
ion which proceeded by the Nerves is neceſſarily interce oo 
For Action , vpon a Paticnt that retires from ir, makes bar thee 
Impreſſion at tne firit ; and ar laſt , when the Nerves are by little 
and little flackred , noncatall. And therefore there is no more 
ReaGtion, that is, no more Senlc; till the Organ being refreſhed by 
Keſt, and by a ſupply of new Spirits recovering ſtrength and mo- 
tion, the-Senticnt awaketh, And thus it ſeems to be alwaycs,unleſs 
ſome other prztcrnatural cauſe intervene; as Heat inthe internal 
parts from laſſicude , or from ſome diſcaſe ſtirring the Spirits and 
other parts of the Organ in ſome extraordinary manner. 

$ Now it is not without cauſe, nor ſo caſual a thing as many 
perhaps think it, tat Phantaſmes 1n this their great variety, pro- 
cecd from one another; a 1d that the ſame Phantaſmes ſometimes 
* bring into the mind other Phantaſmes like themſelves , and at o- 
ther times extreamly unlike. For in the motion of any continued 
Body , one part. followes another by cohzfion; and- therefore, 


whilſt we turne our Eies and other Organs ſucceſſively tomany 
. Objedts 


. 
— 


_ | rn anon Hh a une: 


ObjeRs; the fitotion which was third by every one bt 
le geeky =o fron 6 N f «> 
mneioay cotnch £6 BE Ve the: thee cd they 


HEM 2 He fans or &, in w 
merly they were generardd by Senſe, So that w 


time very many Phantaſmes, have 
mag yrs etirnoſt any} choufghh ht mor ac Foy wi F 


info'muctrhat ir m Ars =p ual! 

which choughrfliall follow which Bar fog hs is ng 

fo urethra chiroohing Wwekighases beeping TT oug! 

or Phanrafriie of th oy _, OE wrEs "<E air 

that are tmetnes cotiducins to thaten bg 

wards bes He oe fete as fry 2k 
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= vs ſt r which ohicts Vat alot ade Ia 

we cotifider ate as'if hey Wet worne out ER 
Pancy we conſider therh a$ they are; which 10 
therhings'rhemiſelves, br of the conſi derations = 
Por there i wu _ ; ſomerhinglike that "Which ha 

pews Ny —_ eat dance in which, as'the 

parts ofthe l 2 ate not Mfcerned by "by reaſon of their emo 
neffe , ſd-in ho oe , thiaty accidents and- places ba (Hg: 
things, which wefe fo Grmerly) perceived by Senfe 

time decayed and 16ft; 

The qe" arifing of Phaniaſmes , byth.ig oh and Ima-. 
ginavion; is that which we commonly c . Diſcourſe of the Mind,” 
and4s cortttion'ts tneti with other ka Craps, For he thta. 
thinkerh, co eth thePhaneaſme: p = pal! Fer is , taketh' 
notice of their likehefſe* of ujilikepeſſe to one apother. And ashe 
that obferves readily the hketieſſes of things of differentnardres,vt- 
ne oro very rembre from one bother is ſaid to havea good. 

Fatidy; ſ&he is ſaiFto' havea good Judgement, that finds atit 
thewntikencfſes or diffeehceSof thingsthatare like on&ahorhtr. 


Q'q | Now 
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Now this oþſervation of differences , is nor perception made by 
2 common Organ of Senſe, diſtin& from Senſe or Perception pro- 

rly ſo called; butis Memory of the differences of particular 
Phamaſmes remaining for ſome rime as the diſtin&ion berween 
Hot and Lucid, is nothing elſe but the Memory both of a Heating, 
and of an Enlightning Objec. : 

9 The Phantaſmes of men that ſleep, are DREAMS. Con- 
cerning which we are tauzht by experience theſe five things. Firſt, 
| that for, the mot part there is neither order nor coherence in 
| them. Secondly,that we dream of nothing but what is compound- » 
ed and made up of the Phantaſmes of Senſe paft. Thirdly, that 
| 
| 


fomcimes they procced(as in thoſe that are drowſy)from the inter- 
ruption of their Phantaſmes by little and little broken and altered 
through ſleepineſs ; and ſomerimes alſo they begin in the midſt of 
fleep. Fourthly , that they afe clearer then rhe Imaginations of 
waking men , except ſuch as are made by Senſcit ſelf, rowhich 
| they are equal in clearnefs. Fifthly, that when we cream , we ad- 
| mire neither the places nor the leoks of the things that appear to 
| us. Now from what hath been faid , .it is not hard to ſhew what 
| may be the cauſes of theſe Phenomena. Fot as for the firſt;ſecing all 

of Order and Coherence proceeds from frequent looking back to the 
| End;,that is,from Conſilcationzit muſt needs be,that ſceing in ſleep 
| we loſe all thought of the End, our Phantaſmes ſucceed one 
| another,not in that order which tends to a, End , but as it hap- 


neth , and in ſuch manner , as Objeas preſent themſelves to our 
Eyes when we look indifferently upon all things before us, and 
ſee them , not becauſe we would ſee them, bur becauſe we do nor 
ſhut our Eyes; for then jay xg es to us without any order at all. 
The {econd proceeds from this, tharin the ſilence of Senſe, there 
Y is no new motion from the Objects , and therefore no new 
| Phantaſme, unleſs we call that new, which is compounded of old > 
2 Ones, aSa Chimera, a golden Mountain , and the like.. As for the ( 
5 third; why a Dream is ſometimes as it were the continuation of 
| Senſe, made up of broken Phantaſmes , as in men diſtempered 
| with ſickneſs, the reaſon is manifeſtly this, that in ſome of the Or- 
gans Senſe remains, and in orhers it faileth.But how ſome Phan- 
raſmes may be revived, when all the exteriqur Organs are benum- - 
med with {lcep, is not fo cafily ſhewn, Nevertheleſs , that o_—_ 
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hath already been ſaid, contains the reaſon of this alſo, For what- 

ſoever ſtrikes the Pis Mater, reviveth ſome of thoſe Phantaſmes 
that are ſtill in motion in the Brain ; and when any internal mo-- 
tion} of the Heart r#acheth that Membrane, then the 

minant motion in the Brain makes the Phantaſme. Now the Mo- 
ticns of the Heart are Appetites and Averſions , of which I ſhall 
pope peck further, And as ARE and Averſions are ge- 
nerated by Phantaſmes,ſo reciprocally Phantaſmes are generated 
by Apperites and Averſions. For example , Heat in the Heart pro- 
ceeds from Anger and Fighting ; and again from Heat in the 
Heart, (wharſoever be the cauſe of it) is generated Anger, and the 
Image of an Enemy in Sleep. And as Love and Beauty ſtirre up 
heat in certain Organs; ſo Heat in the ſame Organs , what- 

ſoever it proceeds, often cauſeth Deſire , and the Image of an un- 
reſiſting Beauty. Laſtly, Cold doth inthe ſame manner _ 

Feare in thoſe that ſleep, and cauſeth them to dream of Gholts, 

and to have Phantaſmes of horrour and danger, as Fear alfo 
cauſeth Cold in thoſe that wake , ſo reciprocal are the motions of 
the Heart and Brain, The fourth, namely, that the things we ſeem 

to ſee and feel in ſleep,areas clear as in {enſe it ſelf,proceeds from 

two cauſes; one, that having then no ſenſe of things without us, 

that internal motion which makes the Phantaſme , in the abſence. 
of all other impreſſions, is przdominant; and the other, thar the 

parts of our Phantaſms which are decayed and worn out by time, 

are made up with other ficitious parts. To conclude, when we 

dream, we do not wonder at ſtrange places , and the appearances 

of things unknown to us, becauſe Admiration requires that the 

things —_— be new and unuſual , which can happen to none 

bur thoſe that remember former appearances, whereas in ſleep, 

all chings appear as preſent. 

Bur it is here to be obſerved , that- certain Dreams , eſpecially 
ſuch as ſome men have when they are berween ſleeping and wa- 
king, and ſuch as happen to thoſe that have no knonlodge of the- 
nature of Dreams, and are with all ſuperſtitious, were not hereto- 
fore, nor are now accounted Dreams. For the PP —__ men 
thought they ſaw,and the V oices they thought chey heard in ſleep, 
were not believed to be Phantaſimes, bur things ſubſiſting of them- 

Qq 2 ſe lvesz 
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ſelves, and QbjeRs withaur rchoſe that dreamed. Far to ſome men, 
as well ficeping 3s waking» but eſpecially ra guilty men, and in che 
pight,2nd in þaHowed places z Feare alone: helped @ lictle wich 
the Barjes of fich Anparitions: bath railed if cle minds terrible 
Pbavtalmes; which havs been + and are ſfill deceipriully received 
for things really rue > yoger the names of Gbfts and Ivcorpuread 


APES. ; / 

' 49 To waſt living Breatures there are gbſerved five kinds of 
Sepfes, which are rguiſhed ay eheir Qrgans, and by their dif- 
fetent kinds of Bhantatwes ; pamely, $;ght, Hearing, SmelbTaft and 
Ta;avd theſe have their Orzans partly peculiar to cach of them 
&verally, and partly. common ro thera all; The Organ of Sight is 
_ partly azzmiate;aud partly i94umn4ts. The inanimate parts, arc the 
_ three Howe, namcly, the #4tr2 Hyngr, which by the jnterpaſi- 

tion of the Membrane called #4 (the perforation whereof is 
called the Apple of the Eye) is containgd op one (ide by the firkk can- 
cive fuperbvicies of the Eye and on the other fide by the Culiary pro- 
&fſes and the Goat of the Griftaline kung; the Criſtalbne, which 
(baogiog in the paidſk between the Eiliary proceſies, and being al- 
moſt of Spherical figure; and af a thick canGftence) is incloſed/on 
all fides with ics own tranſparent Coat ; aud the Faurcops or Glaſire 
EUunivr, which fillech all the reſt of Se: Caxiryct the Eyc, andis 
fomewhacr thicker then, the VV.atry, Bumour, bu thinner then. the 
Criſtalline. The 4:zmwe.partok the Organ is, fixſt, the Membrane 
Choroeides,which is a part of the Pia, Hater, faving thatir is covered 
with a wo Gn from the marrow ok the Optique. Nerves 
which is called the Retzaa and: this Choroezdes , ſeeing it is part ob 
the Pa. Mater, is continued to the beginning of the, MedulaSpinalis 
within -the Sculb, inwhich alk the. Nerves which.are within the: 
ead have their roots. Wherefore all the Ayqmal:Spirits thatthe 
te octine. encr.into. them.thers ;, for, it, is not. imaginable 
they can entgr.into. them. any. where. el{s.. Secing, therefore: 

Senſe is nothing elſe. but. the aGiat.oh Objeg. propagated, to. the- 

furtheſt parc ofthe. Organ.z and.ſecing alſo that Animal Spirrs.are 

— purified:by.the Hart. and, carried: from.it 

by.tlie Arteries; it follows neceſſarily, that. the, ation. is derived: 
kremche Heart by (ome.ofthe Axtetics to the.rpots ofi the.N _ 

| which. 
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which a:e i the Head, whether thoſe Arteries be the Pleoxw Reti- 
farmic, ar whether they be other Arteries which are inſerted into 
the ſubſtance of the Brain. And therefore thoſe Arteries are the 
Complement, or che remaying part of the whole Organ of Sipghr. 
Aud this laſt parr is a common Organ toall the Senfes; wheras, 
thar _— _— _ the Eic to oye roors of the Kene is 
oper epely to Sight, The proper Organ of Hearing is the Tympe- 
the - had is own Nerve z | nk which ro rhe Heart che 
Qrgan is Common.$o the proper Organs of Smet & Taſt are Ner- 
vous Membranes, in the Palate and Tongue for the Fafte , and in 
i.e Noftrils for the Smell z; and from rhe roors of thoſe Nerves 
ta the bHleartallis common. Laflly , rhe proper Organ of Fonch 
are Nerves and Membranes diſperſed. through the whole Body, 
which Me are derived from rhe root of the Nerves. And. 
all things etfe belonging alike to all the Senfes ſeer-ro- be admini- 
firod by the Arteries,and nor bythe Nerves, 

The proper Phamaſige of Sight is Zriphty andunder this name 
of Light , Colour alſo (which is nothing but perturbed Lighe) is 
comprehended. VVhereſore the: Phanafme of a Lucid Body, is 
Light; and of a coloueed Rody, Colour. Bur rhe Obje& of Sryhr, 
property: ſo cated is neither Lighe nor Colour buerhe Body're (eff 
which is kacid, orenkgheged, os colourcd. For Lighe and Color 
being Phantefmes of the: Sentiont ,, cannor be Accidemsof the 
Object. W bich is.menitef enough from-this., chat Vidible things 
appear oftentimes: in places, in which we know-affuredly they are 
nor, and: that in different places they.are of different colours, and 
may-atonoand the ſame: time appear: in divers-places.. orion, . 
Reſt, Miagnuude and Bigure are commen both re-theSightand 
Fouch ; and:the whole appearance togerherof Figure, avd Eight of 
Gdlapr,inby:the Greoks.commonly:called 2x5, & i{hu\ors 8 As ; 
andiby-the Latinas, Speqgges:and: Imago; all which names: fignifie ns. 
more but Appeardauce. 

The phantaſme which is made by Hearing, is Sound. by- Smell,. 
Quaur's, by Taſb , Sruour 3, and: by Touch:,, Hirdreſf: and! Softer ſr, 
Hea.and:Gold , wetneffs,. Oilineff, and many'murc,which are eater 
to be diftinguiſhedibyſenſe then words, Smuathar ff, Rawobne ff; Buri. 
tyand:RexfnyretortoBiguros,apdl are rtherctoro commouabort'to, 

Touch, 
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Touchand Sight. And as for the ObjeRs of Hearing, Smel, Taſt, 
and Touch, they are not Sound , Odour, Savour, Hardneſs, &c. 
but the Bodies themſelves from which Sound; Odour, Savour, 
Hardneſs, &c. proceed; Of the cauſes of which, and of the man- 
ner how they are produced, I thall ſpeak hereafter, | 
But theſe Phantaſmes,though they be effects in the Sentienr,(as 
Subje@) produced by Obje&s working upon the Organs; yet there 
are alſo other effe&s beſides theſe, produced by the ſame ObjeRs,. 
in the ſame Organs ; namely , certain Motions proceeding from 
Senſe, which are called A:1mal Motions, For ſeeing in all Senſe of 
external things, there is mutual Action and ReaGtion, that is, wo 
Endeavours oppoſing one another, it is manifeſt , that the motion 
of both of them togerher will be continued every way, eſpecially 
to.the confines of both the Bodies. And when this happens in the 
internal Organ, the Endeavour outwards will proceed in a ſo- 
lid Angle , which will be greater , and conſequently the Idea 
_— then it would have been if the impreſſion had been wea- 
cr. 
11 From hence the Natural cauſe is manifeſt , Firſt, why thoſe 
things ſeem to be greater,which(ceteris paribw )are ſeen in a great- 
er Angle. Secondly , why in a ſerene cold night when the Moon 
doth notſhine,more of the fixedStars appear;then at another time. 
For their action is leſs hindred by the ſerenity of the Aire, and not 
obſcured by the greater Light of the Moon, which is then abſent ; 
and the Cold making the Air more preſſing,helpeth or firengthe- 
neth the atton of the Stars upon our Eies,in ſo much as Stars may 
then be ſcen which are ſeen at no other time. And this may ſuffice 
ro be ſaid in general — Senſe made by the Reaftion of the 
Organ, For, as for the place of the Image; the deceptions of Sight, 
and other things of which we have experience in our {elves by 
Senſe, being they depend for the moſt part upon the Fabrick it 
ſelf of the Eie of Man, I ſhall ſpeak of them then when I come to 
ſpeak of Man. 
12 But, there is another kind of Senſe, of which I will ſay ſom- 
thing in this place, namely, the Senſe of Pleaſure and Pain,proceed- 
ing, not from the ReaQtionof the Heart outwards, but from cont1- 


nual action from the outermoſt part of the .Organ —_ the 
. cart. 
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Hears. For the original of Life being in the Hearr;rhat motion ih 

the Sentient which is propagated tothe Heart, muſt neceſſarily 
make ſome alteration or diverſion of Viral Motion, namely, by 
quickning or ſlackening , helping or hindering'che fame. Now 
when ithelpeth, ir is Pleaſure , and when it hindererh, ir is Pain, 
Trouble, Grief, &c. And as Phantaſmes ſecm to be without , by 
reaſon of the Endeavour outwards;ſo Pleaſure and Pain by reaſon 
of the Endeavour of the Organ inwards feem to be within,namely, 
there where the firſt Cauſe of the Pleaſure or Pain is ; as when the 
Pain proceeds from a Wound, we think the Pain and the Wound 
are both in the ſameplace. 

. Now Vital Motion, is the Motion of che Bloud, rpetually cir- 
cularing (as hath been ſhewn from many infallible {ignes and 
marks by Door Haruey, the firſt Obſerver of ir) in che Veins and 
Arteries. hich Motion, when it is hindered by ſome other Mo- 
tion made by the.aCtion of ſenſible Obje&s, may be reſtored avain 
either by bending or ſerting ſtraight the parts of the Body , which 
is done when the Ypirirs are carried now into theſe,now into other 
Nerves, till the Pain (as farre as is poſſible) be quite raken away. 
Bur if Vital Motion be helped by Motion made by Senſe, then riie 
parts of the Organ will be diſpoſed to guide the Spirits in ſuch 
manner as conduceth moſt to the preſervation and augmentation 
of that moticnby the help of the Nerves. And in animal motion: 
this is the very firſt Endeavour, and found even in the.Embreo; 
which while it is in the wombe, moveth irs lignbes with voluntary 
motion, forthe avoiding of whatſoever troublerh ir,.or for the pur- 
ſuing of what pleaſeth ir. And this firſt Endeavour;when'it tends 
towards ſuch things as are known by experience be pleaſant, is: 
called APPETITE, (that is, an Approaching ;) and when it: 
ſhuns what 15 troubleſome, AVERSION, or Flying from 1t. - 
And little Infants, at the beginning , and as ſoon as rhey.are born, 
have appetite to very few things, as alſo they avoid very few , by 
reaſon of their want of Experience and Memory; & therefore they. 
have not ſo great a variety of animal Motion as we ſce in thoſe that 
are more grown. For- it is not poſſible,withour ſuch knowledge as is 
derived from Senſe, that is, without Experience and Memory , to 
know.what will prove pleaſant ,'or hurtful ; onely there is ſome 
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| pace for conjecure from, the looks on. of thisgs. Ard 
nce it is that though they do nos know: what may ——__ 
or. harmyet ſomevimes they approach,and ſamerianes retive 
Game rhing aaehcre doupe projapm cen BuanarwandaBy'ac 
cuſtamaing themes by lictle and ktvle , rhey come to-know rea- 
dily whaz 1s to þe purſucd., and what. robe: avoided; aud alfo-to 
have a ready uſe of their Nerves andother Organs in the purſuing 
and avoiding of good and bad, VV heretore Appetive: and» Averſioe 
are the firſt Endeavours os Animal' Mateo, 

Conſequent ta this firſt Endeavour, is. the Impullion: into: the 
Nerves, and Retraction again of Animal-Spizitobt whichiie.isne- 
ceſlary there be ſame:Receptacle on glace near the origitrabof the 
Nerves; and. this. lotion-or Endeavour isfollowed by a ſwelling 
and Relaxation ofthe Muſcles, andlafily,, thafe- are toHewedby 
ContrationandExcenſjon of the limbes.,. which' is Auimal Mo- 
ton, 

13. The Conſiderations of Appetitosand Avenſionsare divers 
For ſeeing Living Creatures have ſomerimes tite, and1ome- 
times Ayerſign:tothe ſame:thing ,,as- they;think« it: will eirherbe 
for theit. gaod-or. their, hurt ,- winle that-viciſſuude of Appetiges 
and -Averſions remains in them they. have that {eriesof Thoughts 
which js called: D.EL1BER.ATI ON, which laſteth- as longas 
they have.it.in their. power. to. obtain that which: pleaſerh ,;or to 
ayoid that which diſpleaſeth thera. Appetsre theretore and Aver- 
ſion are ſimply ſo.called as.long as they follow: noe Deliberation. 
Bur if Deliberation have gone beforczthen the laſk a@iof. it,if it be 
Appetite,is called W 1 L Lzif Averſion, UN-W-IL-LIN-G NESSE;, 
ſo that the ſame thing is. called boch #:l.and. Appetete; but: the: 
conſideration of them (namely, before.and after Deliberation) is: 
divers,Nor.js that which-is done within a Man whileſt heWilerh' 
any thing,diferent from that which is dane. in other living; Creas 
tures, while(t (Deliberation. þaving preceded)they have Appetite. 

Neither js tbe freedome of Willing, er-inot willing greater in 
Man, then in.other living Creatures... For where there 1s Appetite; 
the enture. cauſe of : Appetite hath preceded z and conf { 
the at of. Appetire.could not chooſe bur. follow, thaviss hathiof 
neceſſity follawed, (as is ſhewn. Chapt. gjb Azticle's,)And there 


fore 
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fore ſuch a Liberty as is free from Neceſſ*ty, is not to be found in the 
wal either of Men or Beaſts. qr tobe Liberty we underſtand the 
faculty or power,not of ling, but of Deing what they Will, then 
certainly that Liberty is tohe aUowed to both z and both may c- 
qually have it, whenſover itis to be had.  * 

Again, when Apperiee end Averiig do witty celerity ſucceed 


one another, the whol its name ſome- 


e ſeries made by them, ha 
rimes from one, ſometimes from the other. For the ſame Delibe- 
-ration (whileſt it inclines ſometimes to one , ſomeximes to the 6- 
ther) is from Appetite called H © PE,and from Averſion F EAR. 
For where there is po Hope;it is not to be called Fear,bug H ATE; 
and where no Feat, not _ bur DESIRE. To cenclude, all 
the Paſſions, called Poſfiars of the Minde , contift of Appetite and 
Averſion (except pre Pleaſure and Pain , which arc a cermin 
Fruition of good or Evil, ) as Anger, is Averſion from ſome immi- 
nent evil, but ſuch as is joyned with Appetite of avoidipg evil 
by force, Bur becauſe the Paſſions and Perturbarions of the 
are innumerable ; and many of them not to be diſcerned in any 
Creatures beſides Men ; I will ſpeak of them mage at large in 
that Section which is concexning Man, As for Obje&s (if 


there be any ſuch) which do nor at all ſtir the Mind 3 we are faid 
to Contemn them. 

And thus much of Senſe in general. Ia the nexe place I ſhall 
ſpeak of Senſible Objects, | 
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| Cnae. XXVI, 
Of the World, andof the Starres, 


x The Magnitude and Duration of the World, inſcrutable. 2 No place in. 
the World Empty. 3 The arguments of Lucretins for Vacunm , invalid. 
4 Other arguments for the eſtabliſhing of Vacuum, invalid, 5 Six ſup- 
pofittons for the ſalving of the P hanomena of Nature, 6 Poſſible cau- 
ſes of the Motions Annual and Diurnal ; and of the apparent Direition, 
Station and Retrogradation of the Planets, 7 The ſuppoſition of Simple 
Motion , why likely, 8 The Cauſe of the Excentricity of the annual 

. mation of the Earth, g Thecauſe why the Moon hath alwayes out and the 
ſame face turned towards the Earth. to Thecavſe of the Tides of the 

| Ocean. 11 The cauſe of the Preceſſion of the Equinoxes, 


DOnſequent to the Contemplation of Sexfe is the cot 
 templation of Bodzes; which are the efficient cauſes 
BNP or Obje&ts of Senſe. Now prey Otje is either a 
=ZÞ part of the whole World,or an Ag: regate of parts. 
Co The greateſt of all Bodies, or ſenſible ObjeRts, is the 
world it ſelf, which we behold when we look round abour us from 
this point of the ſame which we call the Earch, Concerning 
the World » aS it is one Aggregate of many parts, the things thar 
fall under inquiry are but few; and thoſe w# can determine, none. 
Ot the whole World we may inquire what is its Magnitude, what 
its Duration, and how many there be; but nothing ele. For as tor 
Place and Time, that is to ſay, Magnitude and Duration , they are 
only our-own fancies of a Body ſimply ſo called , rhar is to ſay of a 
Body indefinitely taken, as I have thewne beforgin the 7 chapter, 
All other Phantasmes, arc of Bodies or Objedts as they are diftin- 
iſhed from:one another ; as Colour, the Phantaſme of coloured 
Bodies; Sound , of Bodies that move the Senſe of Hearing, &c. 
The queſtions concerning the Magnitude of the World, are, whe- 
ther it be Fax:te or Infinite , Full or rot Full, Concerning its Durati- 
an , whether.it had a Beginning, or be Eternal} and concerning the 
J num- 
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number, whether there be Oze or Aanxy (t as concerning the 
Number , if it were of infinite A yr could he evade 
eroverly at all.) - Alſo if it -had a beginning, 'then by what Cauſe 
and of what Matter it was made ; andagaine, from whence that 
Cauſe and that Matter had their being , willbe new queſtions; 
till at laſt we come to'one or many erernall Cauſe or Cauſes. And 
the determination of all theſe things belongeth to him that profe(- 
ſeth the univerſal do@rine of Philoſopl:y,in caſe as much could be 
known as can be ſought. But the knowledge of what 15 Infinite can 
never be attained by a finite Inquirer. VVhatſoever we know that 
are Men,we learn ic from our Phantaſmes;and of 1»finite (whether 
ey: or Time) there is no Phantaſme at all fo that ic is um- 
poſſible cither for a manor any other creature to have any concep- 
tion of /»finite. And though a man may from ſomeEffed proceed to 
the immediate Caule thereof,& fro that to a more remote Cauſe, 
and ſo aſcend continually by right ratiocination from Cauſe ro 
Caule; yer he will not be able to proceed eternally ; but wearied, 
will at laſt give over , without knowing' whether it were poſhble 
for him to proceed toan end, or not. Bur wherher we tuppoſe 
the World to be Finite, or Infinite , no abſurdity will follow. - For 
the ſame things which now appear, might appear, whether the 
Creator had plcaſed it ſhould be Finite or Infinite.Beſides,though 
from this, that nothing can move it ſelf , it may rightly be inferred 
that there was ſome firſt eternal Movent ; yet it can never be infer- 
red(though ſome uſe to make ſuch inference)that that Moyent was 
eternally Immoveable,but rather eternally Moved For as it is true 
that nothing is moved by it ſelfzſo it 15 true alſo thar nothing is mo- 
ved bur by that which is already moved.The queſtions theretore a- 
bout the Magnitude and Beginning of the Werldgare not to be derer- 
mined byPhiloſophers,bur by thoſe that are lawfully auchoriſed ro 
order the Worihip of God. For as Almighty God, when he had 
brought his People into Judea,allowed the Pricſts cl e firſt fruits re- 
ſerved to himſelt; ſo when.he had delivered up the World to the- 
diſputations of Men,it was his pleaſure, that all Opinions concern- 
ing thenature of [finite and Eteraal;known one'y to himſcltthovld 
(as the firſt-fruits of VViſdom) be judged by thoſe wi:oſe Miniſte- 
ry ke meanc to uſc in the ordering of Religzan, I caunor therefore 
| \r 2 coni- 
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— hes icy have demonſirazed by rexfons 
drawn from namral cthings.tharcke World had a 


are contenned by Idiors, becaute they underſtand thern nor; and 
by the Learned, becauſe they underſtand rem; by both deferved- 
ty. For whe can commend him rhat demenſirares thus > If rhe 
Worktbe Eternal, rhe» an infinite number of dayes (or other 
meaſures of Time) the birth of 4iraham, Bur the birth 
of Abraham preceded he birth of Iſaac; and therefore one Infi- 
nie is greater then another Infinite , or one Erernal then- another 
-rra. 6 which (he fayes) isablurd, This Demonſtration is like 
his, who from this, that the number of even- Numbers is infinire, 
would-conclude; chaethere are as many even Numbers, as there 
are Numbers fimply, that is roſay , the even Numbers areas ma- 
ny,as all:the even and —_——_ which in this manner rake 
away. Etemirty from the VV orld', do-chey not - the ſame means 
rake away-Erernicy from the Creator of the VVotld'> From this 
abſurdicy therefore rhey run into another , being forced ro call E- 
ternicy- Nunc v om a ſtanding ſtill of the preſem Time;or ar abiding 
Nav; and (which is much more abſurd')' to give to the infinite 
number of Numbers, the name of #zty. Bur why ſhould Ererni- 
| vv 0 Abiding Now, rather then an Abrding Then 2 Where- 
—_ either be many Eternities, or Now-and Then muſt 
{ignifie the ſame. VVirh ſuch Demonſtrators as theſe,that ſpeak in 
another lanzuage , it is impoſſible to enter into diſpuration. And 
the men- that reaſon thus abſurdly, are not Idiors, but (which 
makes theabſurdiry unpardonable) Geometricians', and ſach as 
take upon them tobe Judges ( imperrtinent;, but ſevere Judges) of 
other mens Demonſtrations. The reaſon is this, thar as Go as 
they are entangled in the Words 1rfinite and (Eternal , (of which 
we have in our mind no Idea, but that of our own inſufficiency ro 
comprehend them) they are forced cicher to ſpeak ſomerhing ab- 
ſurd, or (which they love worſe) to hold their peace. For Geome- 
try hath in it ſomewhat like Wine; which when new , is windy; 
but afterwards though leſs pleaſant, yer more wholfome. What- 
ſoever therefore is true, young Geometricians think Demonſtra- 
ble; but elder not. VVherefore I purpoſely paſs over the Queſtions 
of Infinite and Eternal; contenting my felf with that Dedrine 
con- 
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ery,and revertce dre ro-thi Laws. And 
4$ it is nor unfawful to difpute of. | "Hy 5 
2 Concerning rhe World iris further queſtioned, whether the 
rhereof be contignous to one another , in fuch'manner , as 
nor ro &drhir of the leak empry ſpace berween'; atid the dil 
rarion both'for & aginff it; is carried on'with probabilicy G— 
For the taking away of YVacuum, I will inſtatice 1h ohely one experi- 
menr, a cortimon'one,bur (T chinky unan WEN icy" 
Let A B(in the firſt fig.)repreſeric a'veſlel (ſich a5 Gardiners uſe 
wwarer theirGardens withal;)whoſe bottorryBis fill of firle hokes; 
& whofe rtiouth'A gow 57 _ with ones fliger When there thall 
be need. If ow rhis veſſel be filled with water , the holeat the top 
> the warer will net'flow ouearany of the holes in the 
bottom B.Bur if che finger be rettovedroler in the air aboveit will 
rvt1.one arthern all; and as ſoon as the finger is applycd to ir again, 
thewater wil ſuddenly & cotally be ſtayed again from running our. 
The canſe whereof ſeems ro be no other bur this, that the Water 
cannot by irs natural endeavour to deſcend, drive down the aire 
belowit, becattfe there is no place for it rs go into, unleſseither by 
chrofting away the next contiguous aite ir onrape)- | continual 
endexvonr to the hole A, where ic may enter and ſucceed into 
the place of the water thar floweth out ; of elſe by relifting. the 
cndeavour of the water Downwards, penetrate the ſame, — is 
up through ir. By che firſt of rheſe _ (while the hofe at Are- 
mains ſtopped) there is no poſſible paſſage ; nor by the ſecond, un- 
leſs rhe holes be ſo great, thar che water flowing out at them, 'can 
its own waight force the Air at the ſame time to aſcendinto the 
veſſel by the ſame holes; aswe ſee it does in a veſſel whofe mourh 
is wide cttough, wht cm the botrom upwards to 
re out the water'; for then the Aire wen Morgen by the 
waight of the'water, enters(as is evident by the ſobbing and reliſt- 
atict'of rhe water) at the fides or cittumference of the orifice. 
And thisI take for @ fign' that all Space'is full ; for without this 
the'naturall motion! of the warer (which is a-hea'vy Body ) down- 
wazds,would not be hindered, 3 On 
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On the contrary,for the eſtabliſhing of Facwm,many & {j cious 
afbpinches an pear Few have hoes brought, Nevertheleſle 


there ſeemes to be lowering wanting in all of. them to conclude it 
firmely. Theſe arguments for YVacuwwm are partly made by the fol- 
lowers of the dodtrine of Epicurus ; who taught that the World 
conſiſts of very ſmall Spaces not filled by any Bodie , and of very 
ſmall Bodies that have within them no empty Space , (which by 
reaſon of their hardneſle he calls Atomes); and that theſe {mall Bo- 
dies and Spaces are cvcry where intermingled, Their arguments 

are thus delivered by Lacreteus. | 
And firſt he ſayes thatunleſſe it were ſo, there could be no mo- 
tion ; For the office and property of Bodies is tro withſtand and 
hinder motion.If therfore the Univerſe were filled with Body,mo- 
tion would every where be hindercd, ſo, as to have no beginning 
any where ; & conſequently rhcre would be no motion at all. Ir is 
true that in whatſoever is full, and at reſt inall its parts, it is not 
mary: motion ſhould have beginning.But nothing is drawn from 
ence for the proving of Yacuum. For though it ſhould be granted 
that there is Yacwwm, yet if the Bodies which are intermingled 
with it, ſhould all ar once and togerier be at reſt , they would ne- 
ver be moved azain. For it has been demonſtrated above (in the 
9th Chapter 7th Article) that nothing can be moved but by that 
which is contiguous and already moved. Bur ſuppoſing that all 
things are at reſt together , there can be nothing contiguous and 
moved ; and therefore no beginning of motion. Now the denying 
of the beginning of motion , dorh nor take away preſent morion, 
unleſs beginning be taken away from Body alſo, For motion may 
be either cocternal, or concreated with Body. Nor doth it ſcem 
more neceſſary that Bodies were firſt at reſt , and afterwards mo- 
ved, then that they were firſt moved, and reſted (if ever they reſt- 
ed arall) afrerwarls. Neither doth there appear any cauſe , why 
the matter of the World ſhould for the admiſſion of motion, be 
intermingled with empry ſpaces , rather then full; I ſay full, bur 
withall fluid. Nor la ah » is there any reaſon why thoſe hard A- 
romes may not alſo by the motion of intermingled fluid matter be 
congregated 8 brought ro2erher into compounded Bodies of ſuch 
bigneſs as we ſee, Wherefore nothing can by this argument be 
con- 
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concluded, but that motion was either coerernat,* or .of the fame 
duration with thar which is moved'; neither of which cornchufi- 
ons conſiſteth with the doQrine of Zpreiriie, who allows neither to 
the World nor to Motion any Beginning at all.The neceffity there- 
fore of Yacwm is not hitherto demonſtrated. Andthe cauſe(as far as 
| Tunderſtand from them that have diſcourſed with me of Vacuum ) 
is this, that whileſt they contemplate the nature of Flazd,rhey con- 
ceive itto con(iſt as it were of ſmall grains of hard marter, in ſuch 
manner as meal is fluid, made fo by grinding of the' Corn; when 
nevertheleſs it is poſſible to conceive Fluid to be of irs own nature 
as homogeneous, as either an Arome, or aSYacwu, it felt. 

The ſecond of their arguments is taken from waight, and is con- 


tained in theſe Verſes of Lucretims, 
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Cox poris of ficium eft quoniam premere omn.1a deorſum , 
Contra autem natura manet fine Pondere Inants ; 

Ergo quod magnum eft 4 que, Leuiuſque Uidetur, 
fares plus efſe Gb dedeva Tnants, 


That is to ſay; Seezng the office and property of Body ts to pref all things 
downwards ; and on the contrary, ſeerng the nature of Vacuum is to hae 
20 naight at all ; Therefore when of two Bodtes of equal magnitude , one is 
lighter then the other yt is manifeſt that the lighter Body hath 11 it more Vas- 
cuum ther the other. | | 

To ſay nothing of the Aſſumption concerning the endeavour of 
Bodies 7 furor. » which is not rightly aſſumed , becauſe the: 
' World hath nothing to do with Dozmrards,which is a mere fiftion 
of ours;Nor of this,thar if al things tended to the-ſame loweſt pare 
ot the VVorld, cither there would be no coaleſcence ar all of Bo- 
dies, or they would all be gathered together into the: ſame place. 
This onely is ſufficient to rake away the force of the argument, 
that Aire — with thoſe his Atomes, had ſervec. as well 
for his purpoſe, as his intermingled Vacuum. 

The third argument is drawn from this, That Lightning,Sound, 
Heat and Cold do penetrate all Bodies (except Atomes)how ſolid 
ſoever they be. But this reaſon,excepr it be firſt demonſtrate1thar 
che ſame things cannot happen (without Yamun ) by perpetual 
gency” 
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Compler: (patuum ; nam prewum guemgee vece(]e oft 
Occupet ille laryep, deinde onvia poſi Weantty. 


That is, If two flat Boazes be ſuddenly pulled aſunder, of neceſity the Arr 
muſt come between theny to fill alt the (pace they left exppty. Bus reith nhat 
celerity ſoever the af 03 Lg hay voor 1.0 wnſtevt of tyme poll the 
whole ſpace, but firſt one part of its then ſucceſ{tvely all, = 
Which nevertheleſs is more repugnot to the opinion af Epricurw, 
then of thoſe that deny Vacwm. For though it be true , thar if two 
Bedies were of infinite hardneſs , and were joyned agerher by 
their Superficies which were moſt exaRly plain , it would be im- 
pore co pull them aſunder, in regard it could not be done bur by 
ation in an inſtant, et, if as the greateſt of all Magnitudes cat 
not be given, nor the {wifteſt of all Motions, ſo neither the harde 
of all hard Bodies ; ic might be, that by the application of very 
great force, there might be place made for a ſucceſſive figwing in 
of the Aire,namely by ſeparating the parts of the joyned Bodies by 
ſucceſſion, beginning ar = outermolt and ending at the innermo 
parc. He oyght therefore fir{} to have proved, that there are ſome 
Bodies extreamly hard , not relatively , as compared with ſofter 
Bodies, but ablplutely, thatis to.ſays ipjnleey band ; which is not 
true, But if we ſuppoſe (as Epieurws doth) that Atomes are indi- 
viſible ; and yet ave ſmall ſperficies of their own; then if two 
Bodies ſhould be joyned together by many, or.but gye onely ſmall 
ſuperficies of either of them, then1 ſay this argument of Lycretius 
would be a firme demonſtration, that.no two.Bodigs madeup of 
Aromes (as he ſuppoſes) could ever poſſibly be pulled alunger'y 
| PQ = 
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any force whatſoever, Bue this is repugnant to daily experiences 

And thus much of rhe arguments of Lucretyus, Le: us now con- 
ſider the arguments which arc drawn from the experiments of la- 
ter Writers. 

4 "The firſt experiment is this , That if a hollow veſſel be thruſt 
into water with the bottom upwards,the water will aſcend into itz 
which they ſay it could not do, unleſs the Aire within were thruft 
together into a narrower place ; and that rhis wete alſo impoſſible 
except there were little empry places in the Aire. o that 
when the Aire is compreſſed ro a certain degree, ir can receive ns 


further compreſſion,irs (mall particles not ſuffering themſelves ro __ 


be pent into leſs room. This reaſon, if the Aire could not paſs 
through the Water as it aſcends within the veſſel;might ſeem va- 
lid. Bur it is ſufficiently known,thar Aire will penetrate Warer 
the application of a force equal to he gravity of the Water. If - 
therefore the force by which theVeffel is thruſt down, be greater, 
or equal to the endeavour by which the water naturally tendeth 
downwards , the Aire will go out that way where the reſiſtance is 
made,namely, towards the edges of the Veſlel. For, by how much 
the deeper is the water which is to be penetrated,ſo much greater 
muſt be the depreſſing force. But after the Veſſel is quite undet 
water, the force by which ir is depreſſed , that is toſay, the force 
by which the water riſerh up,isno longer encreaſed. There isthere- 
fore ſuch an cquilibration berween them , as that the natural 
endeavour of the water downwards, is equal to the endeavour by 
which the ſame water is to be penetrated to the encreaſed depth, 
The ſecond experiment is , Thar if a concave Cylinder of ſuf- 
ficient length (made of Glaſs, that the experiment may be the 
betrer ſeen) having one end open, and the other cloſe ſhut, be fil- 
led with Quickſilver , and the open end being ppc with ones 
finger, be rogether with the finger dipped into a dith or other veſ- 
ſel in which alſo there is Quickſilver , and the Cylinder be ſeru 
right, we ſhall, the finger being taken away ( ro make way for 
the deſcent of the Quickſilver) ſee it defcend into the Veſfel unger 
it, till therebe onely ſo much remayning within the Cylinder as 
may fill about 26 Inches of the ſame; and thus it will. alwayes 
happen whatſoever be the Cylinder, IT chat the length be 
| ox : 
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not leſs then 26 Inches. From whence they conclude that the cavi- 
ty of the Cylinder above the Quickſilver remayns empty of all 
Body. But in this expcriment I finde no neceſſity at all of Vacuum, 
For when the Quickſilver which is in the Cylinder deſcends , the 
Veſſel under ir muſt needs be filled to a greater height, and con(e- 
quently ſo muchrof the contiguous Air muſt be tiiruſt away as may 
make place for the Quickſilver which is deſcended, Now if itbe 
asked whether that Aire goes,what can be anſwered but this, that 
it thruſteth away the next Aire, & that the next,& ſo ſucceſſively, 
till there be a return to the place where the propulſion firſt began 
and there,rhe laſt Aire thus thruſt on will preſs the Quickſilver in 
the Veſſel with the ſame ſorcewith which the firſt Aire was 
thruſt away;and it the force with which the Quickſilver deſcends 
be great enough (which is greater or leſs, as 1tdefcends from a 
place of greater or leſs height) it will make the Aire penetrate 
the Quick(ilver in the veſſel, and go up into the Cylinder to fill 
the place which they thought was lefr| empty. But becaule the 
Quickſilver hath not in every degree of height force enough to 
cauſe ſuch penetration;therefore in deſcending it muſt of neceſſity 
ſta "ns wes namely there, where its endeavour downwards, 
yes the reſiſtance of the ſame to the penetration of rhe Aire come 
to an equilibrium. And by this experiment it is maniteſt,that this <- 
quilibrium will be at the height of 26 Inches, or thereabouts. X 

The *third experiment 1s, That whena Veſlel hath as much 

Air in it as it can naturally contain, there may nevertheleſs be for- 
ced into itas much water as will fill three quarters of the ſame 
Veſlel. And the experiment is made in this manner. Into the glaſs 
bottle, opreſrnttd the 2d figure ) by the Sphere F G, whoſe 
center is A, letthepipe BAC be fo fitted, that it may preciſely 
fill the mouth of thebortle ; and let the end B, be ſoneer the bot- 
tom, that there may be onely ſpace cnongh left for the free paſſage 
of the water which is thruſt in above, Let the upper. end of this 
pipe have a Cover at D, witha ſpout at E,. by which the watcr 
(when it aſcends in the pipe) may run out.Alfo letH C be a Cock, 
for the opening or ſhutting of the paſſage of the water berween B 
and D, as there ſhall be occaſion. Let the Cover D E be taken off; 
and.che.Cock.H.C being opencd, lets Syringe tall of water be for: | 
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ced in; and before the Syringe be taken away, let the Cock be tur- 
ned to hinder the going out of the Aire.And in this manner let the 
inje&ion of water be repeated as ofren as it ſhall be requiſite , till 
the water riſe within the bottle, fer example, tro G F. Laſtly, che 
Cover being faſtened on again, and the Cock H C opened,the wa- 
ter will run ſwiftly out at E, and fink by lictle and little from G F 
to the bottom of the pipe B, | 

From this Phenomenon they argue for the neceſſity of YVacwm in 
this manner. The Bottle from the beginning was full of Aire 
which Aire could neither go out by penetrating ſo great a lengrh 
of water as was inje&ted by the pipe, nor by any other way. Of 
neceſſity therefore all the water as high as F G, as alſo all the Aire 
that was in the bottle before the water was forced in, muſt now be 
in the ſame place , which at firſt was filled by the Aire alone; 
which were impoſſible, it all the ſpace within the bottle were for- 
merly filled wich Aire preciſcly, that is, without any Vacuum, Be- 
ſides, though ſome man perhaps may think the Air,being a thinge 
Body, may paſs through the Bogly of the water contained in the 
pipe, yet from that other Phecome-on, (namely,that all the water 
which is in the ſpace B F G, is caſt out again by the ſpoutat E, for 
which it ſeems impoſſible that any other reaſon can. be given be- 
ſides the force by which the Aire trces ir ſelf from compreſſion) it 
follows, that either there was in the bottle ſome ſpace empry, 
or that many Bodies may be together in the ſame place. . But this 
laſt is abſurd ; and therefore tne former is true , namely , that 
there was Vacuum, 

This argument is infirm in two places. For firſt that is aſſumed 
which is not to be granted; and in the ſecond place an experiment 
is brought , which I think is repugnant roVacwm. That which is 
aſſumed is,that the Aire can have no paſſage ourthrough'the pipe. 
Nevertheleſs we ſee daily that Aire calily aſcends from the bot- 
ton to the Superficies of a River (as is maniteſt by the bubbles 
that riſe); nor doth it need any other caule to give 1t this motion, 
then the natural endeavour downwards of the Water, Why 
therefore may not the endeavour upwards of the ſame Water ac- 
quired by the inje&tion(which endeavour upwards is greater then 
the natural endeavour of the water downwards) cauſe the aire in 
the bottle to penctrate in like manncr the water that preſſceth 
S1 2 It 
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it downwards; eſpecially fceing rhe water as it riſerh in thebartte, 
doth fo preſs rhe Aire that is above .it, as that it generacerh in 
every part thereof an endeavour towards the external tupertrcics - 
of the pipe, and conſequently makerh all rhe parrs of the encloted 
aire to rend dire@ly rowards the paſlage at B > Ifay this is no 
lefs manifeſt, then that he aire which riſerh up from the bor- 
tom of a River ſhould penetrate the water , how deep fo- 
ever it be, WeteforelI do not yet ſee any cauſe why the force 
by which che water is inje&ed, ſhould nor art the ſame rime cje& 
the aire, | 

And as for their arguing the A of Vacuum from the reje- 
ion of the water , In rhe firſt place, ſuppoſing there is Vacuwn: , I 
demand by whar principle of motion that ejetion is made. Cer- 
tainly, ſeeing this motion is from within ourwards , it muſt needs 
be canfed by ſome Agent within the bottle, that is to ſay , by che 
aire ir ſelf. Now the motion of that aire, being cauſed by the riſing 
of rhe water, begins atthe bottom, and tends upwards ; whereas 
rhe tnotioniby which it ejefterth the water ought ro begin above, 
and rend downwards. From whence therefore hath the encloſed 
aire this endeavour towards the bottom. To this queſtion I know- 

"hot what anſwer can be given, unleſs it be ſaid , that the aire del- 
cends of irs own accord to expel the water. Which becauſe iris. 
abſurd,and that the aire after-the water -is forced inhath as much. 
room as its magnitude requires , there will remain no cauſe ar all 
why the water.thould be forced out. Wherefore rhe aſſertion of 
Vacuum 15 repugnant to the. very experiment which is here brought. 
to eſtabliſh ir,. 

Many other, Phenomena are uſually brought for Vacwmn, as thoſe - 
of Feather-plaſſes,, FolipilesWind-guns,8c.\Nhich would all be very 
hard to be falved, nnlefs water, be penetrable by aire, withour che -. 
intetmixrure of- empty ſpace. Rut now ,. ſccing aire may with no, 

t mcerenagtls through, not onely water, but any other fluid 
Pody, though never.ſo ſtubborn, as Quickſilver:, theſe. Phenomena: 
prove nothing, Nevertheleſs, it might in reaſon. be expeced, 
that he that would take away Yacwwn, thould withour/Yaaunſhew - 
us ſuch cauſes of theſe Phenomena, as ſhould be ar leaſt of equal, .if 
not greater probability. This therefore ſhall be done in the follow- 
ing diſcopr{c., when I come to ſpeak of theſe Phenomena in their. 
bor” 
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neceffity confift ores fi Reſt can: 
never be the Efftctent Cauſe of any rthing),8 Motion 

dies Moveable; of which there are three kinds z Mtn -r 

and mixt of both, Fleid are thoſe, whoſe parts 

endeavonr be ſeparated trom one -anorher; an yons” Act bee 4a , for 
the ſeparation of whoſe part __ force 15 ro be lyed. 
are therefore degrees of Con ſtencyz which-degrees, 

fon = ny vo bel Conſiſtent, have warn mel of _ | 
Softne ore & Fluid Body is Into - 
Bodies equally Fluid, as Quantity into Quamites, and Soft Bo- 
dies, of whatſoever degree of Softneſs, into Soft Bodies of 
the ſame degree. And though many men ſeem to conceive no 0-- 
ther difference of Flurdity., bur fach as ariſcth fromhe different 
magnitudes of che parts (in which Senſe , Duſt,. though of Dia- 
monds, may be called Fluid) ; — underſtand by. Fludgry, that” 
which is'made fuch by Nature equally in every part ht” the Fluid 
Body ; noras Duft is ery for ſo a Houſe which is falling in pie- 
ces may be called Fluidzbur i in ſuch manner-asWarer ſeems Fluid, , 
and to divide it {clf into parts perpervallyFluid: And thisbemng 
well underftood, come to ay poet ppoſirions.. 

5 Firſt, therefore] fappoſesTt Thar the Immenſe Space which we 
call the World, is the Aggregate of all Bodies; which arecither 
Conſiſtent & Viſible, as the Earth and the Starres; or. Inviſible, as 
the ſmall Atomes which are diſſeminated through the- whole- 
ſpace berween the Earth and theStars; and la[tly, thar moſt Fluid 

vAfther,, which ſofils all the reſt of the Univerſ&g as thar is leaves; 
in it no empry place at'all, 

Secondly , I ſuppofe with Copernicus, .That the greater:Bodies 
of the VWorld;which are both conſiftent and permanent,have ſuch : 
arder amongſt themſelves, as that the Swe hath the firſt place, , 

the ſecond, Vers the third The Earth (with the Moon go- 
ing abour it) rhe fourth, Adzrs thefifch, Japiter (with his- Arrend- 
ants) rhe ſtxth, S4tzrze the ſeventh, and £m theſe the Fixed Starres 
havethcir feveral diſtances fromthe Sunne... CA 
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-- Thixdly, I ſuppaſe, Thatin che Sunne & the reſt of the Planets, 
there is and alwayes has been a Simple. Circular, Motion. 
- Fourthly, I ſuppoſe, Thatin the Body of the Aire there arecer- 
tain other Bodies intermingled , which are not Fluid ; but withal 
.that they are {o {mall, thar they are not preceprible by Senſe, and 
thac theſe allo. have their proper Simple Motion ; and are ſome of 
them more,. lome leſs hard or conliftent. ., © . 
-. Fifthly, I luppoſe- wich Kepler, That as the diſtance between the 
- Sunne and the Earthzis to the diſtance between the Moon and the 
Earth ; ſo the diſtance between the Moon and the Earth, is to the 
Semidiameter of the Earth. ; | | 

As for the Magnitude of the Circles, and the Times in which 
they.are deſcribed by.che Bodies which are in them,I will ſuppoſe 
them to be ſuch as ſhall ſeem moſt agreeable ro the Phenomena 
in queſtion, | 

6-'The cauſes of the different Seaſons of the Year, and of the 
ſeveral variations of Dayes and Nights in all the parts ot the 
ſ{uperficies of the Earth , have been demonſtraced fiflt by Coperns- 
£45, and ſince by Kepler, Galle: and others, from the ſuppoſition of 
the Earths diurnal revolution about its own Axisgtogert er with its 
Annual motion about the Sunne , in tie Ecliprick according to the 
order;of the Signes ; and thirdly , byte apnualrevolucion of the 
ſame Earth about irs own center. contrary to'the order of the 
'Signs.I ſuppoſe wirhCoperazcu',That the diurnal revolution is from 
the motion of ti. Earth , by wiichthe ZquinoGtial Circle is de- 
{cribed about it. And as for the other-two annual motions, they are 
the efficient cauie of the Earths being carricd about in ile Eclip- 
tick in ſuch'manner ,.as that its/Axis15 alwayes kept parallel to it 
ſelf. :Vhich paralleliime was for this reaſon introduced , leſt by 
the Earths annual revoJution,its Poles ſhould ſeem to be neceſſari- | 
ly carried abour rhe Sunne, contrary to experience. I have (in the 
10th Artic.ot -che 2 1th Chap.)demonſtrared from the ſuppoſition 
. of; Simple Circular Motion in the Sun, that the Earth is { carried 
,2abovt.che $unnc,as that its Axis 15 thereby kept always parallel to 
it ſcK;VV herefore,from theſe two ſuppoſed motions in the Sunne, 
- the-one. Simple Circular Motion; the other. Circular Motion a- 
bour irs owns Center, it may be demonſtrated, that the Year hath 
borh the ſame variations of Dayes and Nights , as have been de- 
monſtratcd by Cope7-1c:t, For 
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For if the Circle 'abcd ( in the 3d Figure) be che Ecliptic :- 
whoſe'Center is e;and Diameter 4er;,and thbeplaced in 


4, & the Sunne be moved in che little Circle fg hZnamety@ccord? 
ing tothe order f, gb 84, ichath been demonſtrated; thar#Body 
placed in 4, will be moved in the ſame order through the points of 
I a, b, c & d,and will alwayes keep its Axis parallel to 
its ſelf. buy 325 91 4 308 2gene 20 

Bur if (as I have ſuppoſed) the Earth alſo be movedwith'Sim- 
ple Circular Motion ina plain thar' paſſerh through , curting the! 
plain of the Ecliptick ſo, as thar the'common ſefion of both! 
the plains be in 4c, thus alſo the Axis of the Earth will be kept al-: 
wayes parallel to it ſelf. For let the Centerof the Earth be moved' 
about in the Circumference of - rhe Epicytle*whoſe'Diamieter is' 
I ak,whichis a part of the ſtraighrline!.c.Therefore 4k the Dia- 
meter of the Epicycle, paſſing: through the Centerof the Earth, 
willbe in the plain of the Ecliptic.VV hetefore ſecing that by rea- 
ſon of the Earths Simple Motion both inthe”Ecliptlck and inits: 
Epicycle, the ſtraighr line ! a+ is kept alwayes parallel to it {elf, 
every other ſtraight line alſotaken in the Body:of the Fatth;; and 
conbenemty its Axis, will in like mannerbe kept alwayes parallel! 
to it ſelf; ſo thar in what part ſoevcrof' the Ecliprick-»che Center- 
of the Epicycle be found, and in what part ſoever of the Epicycle: 
the Center of the Earth be found at the ſame time;the Axis of the + 
Earth will be parallel to the place where the ſame Axis would* 
have been; it the Center of he Earth had never:gone'our of the 
Ecliptick. | Co "SV EESOUIQ Si 

5" na as Thave demonſtrated the {imple annual motion of the 
Earth from«he ſuppoſition of Simple Motion in the:Sunne;fo from' 
the ſuppoſition of Simple Motion in the Earth'may beidemonſtra-/ 
redthe monerhly:Simple Motion'of the Moon:)Forit thenamies be! 
bur Pg the Demonſtration will betheſame and 'thetefore- 
need not be repeated. . FI 2fhc Her! 2123 19 

-7 That which makes this — of the Sunnes Simple Mo- 
tion in the Epicycle f'gþ# probable, is Firſt, thar the Periods of all 
the Planets are not onely deſcribed about the Sunne,but ſo defer 
bedas that they areal comamedwithimthoZodiatkithatistiofay, 
within: 4be:: latiude :'of abour 16 degrees; fbr.thectuſe :of- this? 
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-ous motions of the Planets have no d ce at all upon 
one another, But by ſuppoſing motive power in the Sunne , we 
| ſuppole motionalſo; for pawer to move, without motion, is no 
| 0p open. I have therefore ſuppoſed that there is in the Sunne 
or the governing of the primary Plancts, and in the Earth for the 
governing of the Moon,luch motion, asbeing received by the pri- 
mary Planets andby the Moon, makes them neceflarily appear to 
us in ſuch manner as we {ce them , VV hereas, that circular moti- 
on (whichis commonly attributed tothem ) about a fixed Axis, 
(which is called Converſion) being a motion of rheir parts onely, 
and not of their whole Bodies ,, is inſufficient to ſalve their Ap- 
pearances. For ſeeinz whatſoever is ſo moved , hath no endea- 
vour at all towards thoſe parts which are without the circle, they 
- havenopower to propagate any endeavour to ſuch Badies as are 
laced without it. Andas for them that ſuppole this may be done 
y Magnetical V irtuc,or by incorporcall and immateriall Speci- 
ES, they ſuppoſe no naturall cauſe ; nay no cauſe atall. ? For there 
15 no ſuch thing as an Incarporeal Movent ; and Magnetical Virtue 
is a thing alrozerher unknown; and whenſoever it ſhall be known, 
it will, be found to be a' motionof Body. It remaines therefore, 
that if the primary Planets be carried about by the Sunne, and 
the Moon by the Earch , they have the ſimple circular morions 
of the Sunne and the Earth for the cauſes of their circulations. O- 
therwiſe, if they be not carried about by the Sunne and the Earth, 
but that every Planct hath been moved asit is now moved ever 
ſince it was made; there will be of rheir motions no cauſe naturall. 
For either theſe motions were concreated with their Bodies, and 
their caule is ſupernatural; or they are cocternal with them , and 
ſo they have no cauſe at all, For whatſoever is Eternall was never 

generatcd. | 
I may addbeſides, to confirme.the probability of this ſimple 


motion , chatallmaſ all learned men are now of the ſame or 
wit 
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with -Copermicu concerning the. paralleliſme of the Axis of the * 


Earth, itſeemed to me to be more. e torruth., 
more handſome;that ie ſhould be cau | 


on alone, than by two motions, one in the ick, andcheorher 
about the Earths own Axis the contrary way,neither of chem Sim- 
ple, nor either of them ſuch as might be produced by any mgtio 

of the Sunne. I thought beſt rheretore to retain this | of 


Simple Motion, and from ir to derive the cauſes of as many of the 

Phenomena as I could, and to let ſuch alone as I could not. deduce 
' frmthence. 4 

' It will perhaps be objeQed , that alrhough by this ſuppoſition 
the reginn may be given 3 the Paralleliſme eL TE Axis of the 
Earth, and of many ot pearances; neverthelels ,. ccing it is 
done by placing the Body of the Sunne in rhe Center of that Orbe 
which the Earth deſcribes wich its annual motion, the ſuppoſition 
it ſelf is falſe,becauſe this annual Orbe is excentrique to the Sunne, 
In the firſt place therefore let us examine what that Excentricicy 
is, and whence it proceeds. | | | 

- 8 Letthe annyal Circle of the Earth a4 c @ (in the ſame 3d ft+ 
gure)be divided 1ato four equal parts by the ſtraight lines s c & 4d, 
cutting one another in the Center ez and let abe the beginning of 
Libral of Capricorn, c of Aries, and 4 of Caxcer , and let the whole 
Orbe 4 b c d be underſtood (according to Copernzcrs ) to have every 
way ſogrear diſtance from the Zodiack of the fixed Starres,. that 
it be in compariſon with it but as a point. Let the Earth be now 
ſuppoſed tobe in che beginning of Libra at a. The Sunne theretore 
will appear in the beginning of Aries at c, Wherefore if the Earth 
be moved fromatob, the apparent motion of the Snnne will 
from c to the beginning of Cancer in 4 ; and the Earth being 
moved forwards from ; to c, the Sunne alſo, will appcar-tobe 
movec: forwards to the beginning of Zzbra in az: Wheretore;c d 4 
will be the Summer Arch,and the Winter Arch will be a&c.Now 
in the time of the Suns apparent motion in the SummerArch,there 
are numbred 186: dayes z and conſequently the Earth. makes! 
the ſame time the he number of: diurna] converſions, in-i 
Arch abc; and therefore the Earth in irs motion; through.the 
Arches d a will make onely 178: Go conyerſians; . hexpgore 

| t | t 
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the Arch a5 c ought tobe chenthe Arch c da by $3 da 
char is o& fay'; by ſo many degrees. Let the Arch or: 
as alſo cs, be each of them an Arch of two degrees and 2;.Where- 
fore the Arch'y 6s will be greater then the Semicircle a bc 
by 4 dezrees and 7, and greater then the Arch s 47 by 8 degrees 
and % The Equinoxes therefore will be in the poinrs r &s; and 
therefore alſowhen the Earth is in 7 , the Sunne will appear in 5s. 
Wherefore rhe true place of the Sunne will be in :, char is to ſay, 
without the Center ofthe Earths annual motion by the quantity of . 
the Sine of the Arch 4 r,or the Sine of two degrees and 16 mi- 
nutes. Now this Sine, putting 100000 for the Radius, will be ncer 
3580 parts thereof. And ſo munh is the Excentricity of the Earths 
anealanotiaw; provided that that motion be in a perfe& circle; 
and s & are the Equinodtial points; and the ftraighr lines [r & 
ce aproduced both wayes till they reach the Zodiack of rhe fixed 
Starres, wil fall fil upon the ſame fixed Srarres,becaule the whole 
Orbe &'bc dis ſuppoſed to have no magnitude ar all in respeR of 
the great diſtance of the fixed Starres, , 

now the Sun to be in cit remains rhatf ſhew the cauſe 
why the Earth is neerer to the Sunne , when in irs annual motion 
iris found to be in d, then when ir is in b, AndT rake the caule to be 
this, When the Earth is im the beginning of Capricorn at 4, the 
Sunne appears in the beginning of Caxcer at 4, 8& then is the midſt 
of Summer. Bat in the midft of Summer , the Northern parts 
of the Earth are towards the Sunne , which is almoſt all dry land, 
containing all Ewrope, and much the greateft part of Afiaand Ame- 
1c. But when the Earth is in the beginning of Caxcer ar d, itis the 
midft of Winter, and that part of rhe Earth is cowards the Sunne, 
which contains thoſe great Seas called the Sourh Sea and the Indi- 
an Sea, which are of farre greater extent then all the dry Land in 
that Hemiſphere. Wherefore (by the laſt Article of the 2 z Chap- 
ter) when the Earth is in &, it will come neerer to irs firſt Movent, 
that is, tothe Sunne which is in :3thatis to ſay,the Earth is neerer 
tothe Sumne in the midſt of Winter when itis ind, then in the 
midſt of Summer when it is 4; and therefore duting the 
Winter theSunne is in its Perigenm, and in its Apogeum during 
the Summer, And thus I have fhewn a poſſible cauſe of L 
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Excentricigy of the Eamh-z 

I am therefore of Zeplers _—_— this, 
Excentriciry of the Earrh to the difference 
and iuppoſes enxpny robe affefted,and another 
Sunne. And iflent from him in chis, that he thinks it to be 
Magnerick vircue,and that his Magnetick virtue,or attraction 
thruſting back of the Earth is wrought by unmateriace Species; 
which cannot be; becaule nothing can give motion, but a 
moved and.contiguous, For if thoſe Bodies be not moved whic 
are contiguous toa Body unmoved, how this Body ſhould begin to 
be moved is not imaginable ; as has been demonſtrated un the 
7th Article of the 9th Chapter , and ofxcn inculcared in orher 
places, ro the end that Philoſophers might ar laſt abſtain fraim-che 
uſe of tuch unconceiveable connexions of words diſſenralſo from 
him in this,chat he ſays the fimilitude of Bodies is the cauſeet their 
mutual attraction, For if it were fo, I ſee no reafon why ne vg 
ſhould not be attracted by another. If therefore one pair of 
Earth be more affected by the Sunne, then anovther-parts.ne pro- 
ceedsfrom this, thar one part hath more water, the orher ore 
dry land. And from hence it is,(as I ſhewed above) rharthe Earth 
comes neerer to the Sunne when ir ſhines upon that part where 
there is more water , then when it ſhines upon tharwhere there 
is more dry Land. | 

9 This Excentricity of the Earth is th.e caufe why the way of 
irs annual motion is not a perte@ Circle, but either an Elltprical, 
or almoſt an tlliprical line ; as alfo wiry the Axis of the Earth is 
not-kept may parallel ro it ſelf inall places, bur onely in the E- 

ial poines, 

Now ſecir I have ſaid rhat the Moon is carried aboutby-the 
Earth, inthe ſame manner that the Earth is by the Suar.c;and that 
the Earth goeth about the Sunne in fuch manner as thar mn thews 
ſometimes one Hemiſphere, ſometimes rhe other vw tl:e Sunne; 
1: remains to be enquired, why the Moon has alwayes one and rhe 
ſame face turned towards the Earth. ha 

_— therefore the Sunne- tobe moved with Simple Motion 

-mthe licele Circle fo bz, (in the fouretfignre) whoſe Converts 7; 
and let $242 be the annmall Circle of the Earth; artorhe be- 
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inning of -Z:bra, About the point 4 let the litxle Circle 1+ be de- 
Firibed; andin ir let the Center of the Earth be underſtood to be 
-moved with Simple motion;and both rhe Sunne 8 the Earth to be 
moved according to the order of the Signes. Upon the Center a 
fer the wayof the Moon 20 p be deſcribed; and let qr be the 
Diameter ofa Circle cutting the Globe of the Moon into two He- 
miſpheres, whereof one is{een by us when the Moon is at the full, 
and the other is turned from us. | | 
The Diameter therefore of the Moon q or will be perpendicular 
to the Straight Line t a. Wherefore the Moon is carried by reaſon 
of the Motion of the Earth from o towards f; Bur by reaſon of rhe 
motion of the Sunne, if it were in p it would at the ſametime be 
carried from p towards o; and by theſe two contrary Movents the 
traightline qr will be turned aboutz and in a Quadrant of the 
Circle mz 0p it will be turned ſo much as makes the fourth parc 
of its whole converſion. VV herefore when the Moon is in p, qr will 
be parallel to the ſtraight line m 0.Secondly,when theMoon 1s in m, 
-the ſtraight line qr will by reaſon of the motion of the Earth be in 
mo.But by the working of the Suns motion upon it in the quadrant 
p.m, toc ſame qr will be turned ſo much as makes another quarter 
of its-whole converſion, VVhen therefore the Moon is in m,q r will 
'be perpendicular to the ſtraight line o m.By the ſame reaſon,when 
_ the Moon is in z, qr will be parallel to the ſtraight line mo; and 
the-Moonreturning to o, the ſame q 7 will return to its firſt place ; 
and the Body of the Moon will in one entire period make alſo one 
entire converſion upon ker own Axis. In the making of which, it 
is manifeſt,that one and phe ſame face of the Moon 1s always turn- 
ed towards the Earth. And if any Diameter were taken in that 
little Circle, in which the Moon were fuppoſed to be carried a- 
bout with ſimple motion; me effe& would follow; for if there 
were no a&ion from the Sun, every Diameter of the Moon would 
be carried about always parallel to it ſelf. Wherefore I have gi- 
-ven.@ poſſible cauſe, why one and the ſame face of. the Moon is al- 
wayes turned towards the Earth. | 
;  Butitis tobe noted, that when the Moon is without the Eclip- 
'tickgwe do not alwayes ſee the ſame face preciſely.For we ſec one- 
ly that.part which is illuminated... But when the Moon is without 
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mena concerning the Tides of the:Ocezn, Wheteof the fir 
alternate elevation and*depreſſion of the Water at the Shore: 
twice in the ſpace of 24 houres and neer upon 52 minutes; for fo ir. 
has conſtantly continued in all ages. The ſecond, that at the New 
and Full Moons the elevations of the Waterare'preatet, thetrdc 
other times between. And the third, thatwhen the Sunne is-in the 
Equino&ial, they are yer greater then at any 6cher time; : For the 
ſalving of which Phenomena , we have already the foure above- 
mentioned Motions; to which I aſſume alſo this , that the part of 
the Earth which is called America, being hizher then the VWaret,, 
and extended almoſt the fpace of a whole Semicirdle frott'North 
to South , gives a ſtop to the motion of the Warter.. This being 
ranted, c | Wy 
, In the ſame 4th figure,where / bk c is ſuppoſed to be in the plain 
of the Moons monethly mdrtion , let the little Circle [ 4&e be de- 
ſcribed about rhe ſame Center a in rhe plain af the Equino&ial. 
This Circle therefore will. decline from the Circle 15k c inan an- 
gle of almoſt 28 degrees and + (for the greateſt declinationof the 
Ecliptick is 235, to which adding 5 for the greateſt declination of 
the Moon from the Ecliptick;the ſumme wil be 28 degrees and 5). 
Seeing now the Waters whichare under the Circle of the' Moons: 
courſe, are\by reafon of the Earths Simple Motion jn the plain of 
rhe ſame Circle) moved together with the Earth, (thar is to ſay, 
together with their own bottoms). neither out-going norour-gone z; 
if we add the Diurnal motion, by which the other Waters which 
are under the Equino&tial are moved in the ſame order ; and con- 
{ider withall that the Circles of the Moon and of the Equino&ial 
interſe& one another ; it will be manifeft;thatboth thoſe Warters,. 
which are underthe Circle of the Moon, and'under the Equino- 
Eiall; will runne together under the EquinoQtial 3 and conſequent-- 
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Earth will be carried in the circumference / bk c with the ſame 
velocity , with which the Moon's carried in the circumfcsence 
mnop, Wherefore the cime kn which che Moan is carried about 
inmz9p,isto the time in which the Earth. is carried about in 
Ibkc, as one circumference to the other, that is, as40 to «kh. 
But a0 is obſerved robe to the Semidiametrer of the Earth as 59 
to 1 ; and therefore the Earth (if ak be pur for its Semidiameter) 
will make 5g revolutions in /4kc, inthe time that the Moon 
makes one monthly circuit in m20p. Butthe Moon makes her 
monthly circuit in little more raen 29 dayes. Wherefore the | 
Earth thal make irs circuir in the circumference / bk c in 1 x hours 
anda lixtle more, namely about 26 minutes more; that is to ſay, 
it ſhall make rwg circuits in 24 hours and allmoſt 52 minutes 
which is obſerved to, be the time berween the high water of one 
day and the high water of the day tollowinz, Now the courſe of 
the waters being hindered by the fourhern part of America, their 
motion will be interrupted.there ; and conſequently , they will be 
clevared in thoſe places, and. {ink down again by their own 
waight , twice in the ſpace of 24 hours and 52 minutes. And 
thus I bave given a voſlble cauſc of rhe diurnall reciprocation of 
the Occan.. 

Now from this ſwelling of the Ocean in thoſe parts of the 
Earth , proceed the Flowings and Ebbings. in the Arlantick, 
Spaniſh , Britttſh and German. Seas 3 which though they bave 
their fet rimes , yet upon fevcrall Shores they happen ae ſeverall 
hours:ot the day, and they: receive ſame augmencation from the 
North , by reaſon that the ſhores of Chinaand Tartaria » hinder- 
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c  thetnfelves in' e hit e ſtraight of 
into the Northern Oceatts- 2hd fo irito the:German Sea. 
As for the Spring Tides whsch happenar the time of the New & 

Full Moons, put boy Rn by kay ocen which ax og 

inning 1 ſup d to be aUwayes in the Moone. For as, when 

Dany. ps. of the Excentricity of theEarch » Lderived the 
elevation of the waters from che ſimple motion of the Sunhe ; : ſo- 
the ſame may here be derived from the fimple motion of the 
Moon, For though from the genetation of Clouds, there appeare 
in the Sunne 4 more manifeſt power of elevaring rhe waters, then 
in the Moon z yet the powet of encreafing key in Vegetables 
and living cfeatures appeats fiore manifeſtly in the Moon then in: 
the Sunne ; which may perhaps | Jon from this, .chat the 
Sunne raiſerh up greater, and the Moon leſſer drops of water, Ne- 
vercheleſle,it is more likely , and more agreeable to common oþb- 
ſervation, that Raine is raiſed not only by the Sunne but alſo by the 
Moon ; for allmoſt all men expe chinve of weather at the tinae 
of the Conjundiofts of the Sunne and Moon with one another; 
and with the Earth, morethen in the time of their Quarters, 

In the laſt place, the cauſe why the Spring Tides are KIEAtEr At 
the time of the Zquinoxes, hath been already ſutheicncly. do- 
clared in this Article , where I have demonſtrated ,;| thas:zhie 
two Motions of the Earth , tiamely , ics Simple Mortian in' the 
little Circle /4kc, and its Diurndl motion in [dhe cauſe ne- 
ceflarily a greater elevation of Waters when the Sunne is about 
the AXquinoxes, then whe he is in other places,. I have.cherefore- 
eiven poſſible cauſes of rhe Phenomenon of he Flowing and Ebbing 
of the Ocean. a | Ee career 

11 As for the explicatiofi of the yearly Preref10mof the E£qui- 
n08:al points , we muſt remember,.that (as I have already ſhewn) 
the annual motion of the Earth is not in the Circumference of 4: 
Cheſs not wr Ws i open not conlderably ens ni from): 

tha of an Ellipfis. In the firſt place therefore-thisElliacical line 

is to be deſcribed! | F ry | ji 4 , 
Let theEcliptick = WT & (inthe 5th figure) be divided into: 
four equal patts bythe two ſtraight lines ab and S, cutting one 
| ano-- 
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another at right angles in, the Center; and taking the Arch 4d 
' of 2 +dcore68 and 16 minutes. ſtraight line ge be drawn 
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pats therefore 
ine 'S ; and 


f'S ; and conſequently the point ; will cur the Excentricity c f' into 
{ Ape i hequalto# f', bz willbe the whole 


15 in the Ellipfis &gV I, and cannot be (the Excentricity be- 
ing ſalved) in any other line. And this perhaps is the rcaſon, why 
Kepler, againſt the opinion of all the Aſtronomers of former time, 
thought fit to biſe& the Excentricity of the Earth, or ( according 
ro the Ancients) of the Sunne, not by diminiſhing the quantity of 
the ſame Excentricity, becauſe the true meaſure of that quantity, 
is the difference by which the Summer Arch exceeds the W intcr 
Arch , but by raking for the Center of the Feliptick of the prear 
Orbe the pognt c neerer to f, & ſo placing the whole great Orbe as 
much neerer to the Ecliptick of the fixed Stars towards S ,as is the 
diſtance between c 8 5. For ſecing the whole great Orbe is but as 
a point in reſpe& of the immenſe diſtance of the fixed Starres,the 
two ſtraight lineva Y and abbeing produced both wayes to the 
beginnings of | Aries and Librawill al upon the ſame points of che 
Sphere sf the fixed Stars.Let therefore the Diameter of the Earth 
7m 1 be in the plain of the Earihs annual motion. If now the Earth 


be moved by the Sunnes ſimple motion in the Circumference - 
the 
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he; Ealiptick-: abour the $ -'chis' Diamercr will: 
kept alwayes parallel co Err tothe: ſtraighr line: gf Te 


.- 
ſecing the Earth i8-movedvin the: Circumterence of an Eltip-: 
ſis without the Ecliptick, rhe! point 2 whillt ir paſſerh- through 
= yy willgoin alefler Circumfcrence then the point mz and 
conſequently as foon' as ever ipbegins co:be moved, it will loſe its 
paralleliſme wirt:theſtgaighdlias Sy fo char m x produced will 
at laſt cutthe ſtraightdine gi produced: "And contrarily;-as foon 
asmxis paſt Y , (the Earth making'its way'in the internal Ellips: 
ticall;jine | & ) the fame:m#-producedrowards m, wilt cut? g 
produced, And when the Earrtvhath allmoſt finiſhed irs whole 
circumference , the ſame. w:z-{hall:againe' make a rigit;angle 
with a line;dtawndrom'the center £alictle ſhort.of the poine frbm 
which the;Earth: began. irs) motion: And- there rhe next yeare 
ſhall be one. of the AquinoQialpoints, namely, neer the endof 
3, the other ſhall be /oppoſite to it neer the endof X. Arfd thus 
the points in which the Days and Nights are made equall, doe 
every year fall back ; bur with ſo ſlow a motion , that in a whole 
year, 1t makes but 51 firſt minutes. Andthis relapſe being con- 
trary to the order of the Signes, is commonly called the Preceſſcor 
of the £uinoxes. Of which | have from my former Suppoſitions 
deduced a poſſible cauſe ; which was to be done. 

According to whart | have ſaid concerning the cauſe of the Ex- 
centricity of tlc Earth ; and according to Kepler , who for the 
cauſe thereof ſuppoſerh one parrt of the Earth to be afte&gd to the 
Sunne the other part to be diſaffeted, thc Apogeum 8& Perigaum of 
the Sunne ſhould be moved every year jt the ſame order , and 
with the ſame velocity , with which the Zquino@iall points arc 
moved; and their diſtance from rhem ſhould allwayes be the qua- 
drant of a circle ; which ſeems to be otherwiſe, For Aſtronomers 
ſay, that the Zquinoxcs are now , the one about 28 degrees gone 
back trom the firſt Star of Ares, the other as much froin the be- 
g1nning of Li$r4. So that the Apogeum of the Sunne,or the Aphel;um 
of the Earth ought to be about the 28th degree of Caxcer ;; bur it is 
reckoned to bein the 7th degree, Sceing therefore we have not 
{uſficient evidence of the 7, (that ſoit 15), it is in vaine to ſeek for 
the Aur; ( why it is ſo). Wherefore, as long as the motion of the 

Vv Apogtum 
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frottt the uinoRiall points be miote oc clefle then'a quadrane 


preciſely ; ſo long it maybe Fe lawfall for mie' ro thinke «ng 


ceed dock of them with equall velocity. 


Alfo , I doe not at all tneddle with thecauſes of the Exceneri- 
cities of Saturne, Jupiter, Mars, and Mercery.Nevertheleſſe , ſee 
the Excentricity of the Eatch may (as I have ſhewne) be ca 
by the unlike conſtitution of the ſeveral partsof the Earth which 
are alternately turned towards the Sunne , ir is credible alſo that 
like effe&s may be produced in theſe other Planets from- their 


heving their Superficies of unlike parts. - 
Al  Sidereal Phiteſophy. And 


this is all I ſhall ſay c 
thongh the condnthiveie ſuppoſed be noe the true cauſes of 


theſc Phenomena , yet I have demonſtrated that they are ſufficient 
wo produce them, according to whaz [ar ixſt propounded. 
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Of Light, Heat, and of Colours, 

r-Of the ins gmitude ome Bodies ind the un peahable f 
—= lata oh of the Sun, ' 3 . panty! 
eth., 4 The premeies of Hock om the Sunne, , The azo of 
Fire from Collifron. | 6 whe > Lg hs in Glew-worme Waoeds 
and the Bolonian Stone, | 7. : Thy £aufe;of 1 3's ths crnorffen of 
Searwater.  $ TH coat, lis 6 ot 

'  cawſe why wet Hay ſometimes. havns of O01 we ord. of yy of 
Lightning, 10 The cauſe of the fo force jo " Gunpowder ; ##d what is to be 4- 


ſeribed to the Coals, a we Brimſftone \ and whar to the Nitre, 11 Hew 
Heat ts cauſed by Attrition. ' 1% The tiftinttion of Light into Firſt , Se- 
cond, Fo, '13 The cauſes of the Colours w. gry Av. prong re 
ma of Glaſs, namtly,of Red, Tellow, Blax wndl Viokar Calanr. 1.4 Why the 
py xm x Starres appear. redder 3n che Horizaw thaw in tbe widſt of the 
Hegven, . 15 The canſesf Hiiteneſs. (16 Thegauſe of Blackpeſs, 


bd S@E lides he Starres (of which I havc {paken in 
Qian), whax Ay ppt Bodies there 
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Peay of cohaion- Now theſe differ from one another jn their 4 
veral Conſoftencies, Magi uct Metis and FAgnr« 98 Cont | 
ſuppoſe ſome Bodics to be Hacder, ;ouhers Softer, 
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our Underſtanding can conceive the ſame to be diviſible. 
Cy herefore there is no impoſſible'Smatnefs of Bodies.” And whar 


X hinders but that wink os likely >,Epr we know there are 
; Y ſome living CreatulesV 


haflwe tan fcarce fee their whole 
Bodies. Yet even theſe have their young ones, their lirtle Veins, 
and other:Veſſels, and theis Eycsſp {mal 3s that po. Microſcope can 
make rhem viſible. So that we cannot ſuppoſe any magnicude ſo 
lixt)e-burthar opr very ſuppoſition, is actual y.cxcceded by Nature. 
Beſides, there are now ſuca Mvcroſcopes —_—_ made, that-the 

© rhings we ſee with themappcar ahundred thouſand times bigger, 
_ then they would do-if we looked upon them with our bare Eyes. 
Noris there any doubr bu that by augmenting the power of theſe 
Micriſeope® (for it maybe augmented as long as neither Matter 
nor the hands of ,Workmer are 'wanting ): every one of thoſe 
hundred thouſandth parts might yet appear a hundred thouſand 
times geater then they did betore.Neither is the Smalneſs of ſome 

Bodies to-be more admired, then the vaſt Greatneſs of others. For 

"& belongs to the ſame infinite Power,as well to augment infinitely, 
as infinitely to diminiſh; Tomake the orearGebe » (namely, thar 
whoſe Radius reacheth'from the Earth to the Sunne)bur as a point 
in reſpet of the diſtance between the Sunne and the fixed Starres; 
and on the contrary , to make a Body little, as ro be in the ſame 
proportion leſs then any other viſible Bodys proceeds equally from 

eneand the fame Authour of /Nature. Bur ehis oftheimmenſe di- 

Nance of the fixedStarres' (which for a long'itinie/\was accounted 
an incredible thing) is now. believed by almoſt 'allche Learned. 
Why then ſhould not that other of the ſmalneſs of ſome Bodies, 
or 9D at ſome time or other »'For | the Majeſty of God 
appeaF®'no lefs in ſmall things ther-id grear; and as it excecderh 
humane ſenſe in'the- immenfe-grearne(s of the Univerſe ; ſoalſo 
it, doth in the ſmalneſs of the parts thereof. Nor are the firſt E- 
Itments of Compoſicions, nor the firſt Beginnings of Aions, nor 
the firſt Moments of Times more credible. then that which is 
now believed of the vaſt diſtance of the fixed Starres. 

" Some'things are acknowledzed'by mortal men to. be very Great, 
though Finite, as ſecing them co be ſuca. They acknowledge allo, 
thar ſome things which they donot fee , may be of infinite mog- 
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-nicude,. But they are not preſently , nor withane (great ſtudy pe 
-fwaded thar there is any Mean berweenInfinite& the Greateſt of 
thoſe things which ether they ſee or itnugihe./ Nevertheleſs, when 
after meditation &contemplation,many rhings which wewondred 
at before are now grown more familiar trous,we then belieicchem, 
and transferre our admiration from the Creatures to the Creator. 
Burt how'little ſoever ſome Bodies may be ; yet I will not ſuppofe- 
their quantity to be leſs, then is ifite for che ſalving of the Phes 
nomens, And in like manner I ſhall ſuppoſe their morton, namely, 
their Velocity and Slownels, and theV ariety of their Figures,"to 
be onely {uch as the explication of their natural cauſes requires,. 
And laſtly, I ſuppoſe, rhat the parts of the pure ther ( as if ir 
were the FirſtMatter)have no motion atall,but what they receive 
from Bodies which float in them, and are not themſelves flaid. 

2 Having laid theſe Grounds , let us come ro ſpeake of Can- 
ſes, and in the firſt place let us inquire what may be the cauſe of 
the Light of the Sunne, Seeing rherefage the Body of the Sunne 
doth by its {ſimple circular motion thrult away the ambient zrhie- 
reall ſubſtance ſometimes one way ſometimes anorher , ſ{orhar 
thoſe parts which-are nexr-the $ being moved by ir, doe 
propagate that motion to the next cndentd _ » and theſe tothe 
next, an&ſo on continually ; ir muſt feeds be, that norwichſtand-- 
. ing any diſtance, | the foremoſt parrt of the Ete will ar laſt be pre(- 

ſed z and by the preſſure of thi part,the motion will be propaga- 
ted to the innermoſt part of the Organof Sight , namely ro the 
Heart; and fromthe reaCtion of the Heart, there will procced an 
endeavour back by rhe ſame way , ending in the endeavour our- 
wards of the Coat of the Eie called the Retzza, Bur this endea- 
vour outwards (as has been defined in the 25 chapter) isthe thing 
which is called Light, or the Phantaſme ofa. Lucid Body.For it is 
_ gf ' this Phantaſme rhat an Obje& is called Lucid.. 

herefore we havea poſſible cauſe of the Light of the Sunne; 
which I undertook to find. 

z3The generation of the Light of che Sunne is accompanied with 
thegencration of Heat. Now cvery man knowes what Hear is in 
himſelfe, by feeling it when he growes Hot; but wharir is ino- 

. ther things he knowes onely by ratiocination. For.it isgne thing to | 
£rOW 
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| frowHlee » and.gnother thing to Heat y or make Hot. And choee- 
fore though we perceive'that the Fire or the Sunne Heareth, yer 

we doe not perceive that it is it{elfe Hor, That other living crea- 

tures whilett rhey make other things Hetyarc Hot themlielves,we 

infcrre by reaſoning from the like ſenſe in our ſelves.Bur this is noc 

a neceflary inference, For though it may cruly be ſaid of living 

Creatures, that They Heat, therefore they are themſelves Hot; yer it 

cannot from hence he truly inferred , that Fare Meateth, therefore it 

7s tt ſelfe Hot 5 no more then this, Fare cauſeth Pagy, therefore 1t 15 it 

[! a Gor Pair, Wherefore that is onely and properly called Hor, 

which when we fecl,we are neceſſarily Hot, | 

Now when we grow Hot , we find that our Spirits and Blood, 
and whatſoever is fluid within us, is called out from che internall 
ro the externall parts of our Bodies , more'or leſle, accotiling ro 
the degree of the Heat.; and that our Skin {welleth. He therefore 
that can givea poſſible caule of this Evocation and Swelling, and 
ſuch as agreerth with the reſt of the Phezomena of Heat ; may be 
thought to have given the cauſe of the Heatof the Sunne, - 1 | 

It hath been ſhewn (in the 5 article ot the 21 chapter) chartthe 
fluid Medium which we call the Aire , is {o/moved by the fimplc 
circular motion of the Sunne, as that all irs parts;even the leaftzdo 
perperually change places with one another; which change of pla- 
ces 15 that which there I called Fermentation. From this Fermen- | 
tation of the Aire, I bave (in the 8articleof the laſt chapter) de- | 
monſtrared, that the water may be drawn up into the clouds. 

And I ſhall now thew, that the fluid parts may in like manner - 
by the ſame Fermentation be drawn out from the internall to the 
externall parts of our Bodies. For ſeeing that whereſoever rhe 
fluid Medium is contiguous to the Body of any living creature, 
there the parts of that Medium are by perperuall change of place 
ſeparated from one another ; rhe contizuous parts of the living 
creaqpre muſt of neceſſity endeavour to enter into the ſpaces of 
the ſcparared parts. For otherwiſe thoſe parts (ſuppofing there 
1s no Vacuum) would Fave no placeto goinro. . And therefore thar 
which is molt fluid and ſeparable intl.e parts of-the living crea- 
ture which are contiguousto the'Medium , will go firſt our 5'and 
into the plgce thereof will ſucceed fuch- other partes as wy 

| caſily 
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ethify rrati{prre through the pores of the kin. And from hence ic 
is fly rat that the reſt of the parts which! are not ſeparaced, 
muſt all cogether be moved ourwards; for the keepin of all places 
full. But this motion outwards: of all parts rozecher muſt of nc- 
ceſfiry preſs thoſe partsof the ambient Aire which are ready ro 
teave their places, and therefore all —_ of the Body cndea- C 
youring at once rhat way, makes the Body ſwell. Wherefore a poſ- 4 
ſible cauſe” is given of Heat from the Sunne ; which was to be 
done. 

4 We have now ſeetr how _ and Heat are generated; Heat 
by the ſimple motion of the Medium, making the parts perperual- 
c_ places with one another; and Light by this, thar by the 
me fimple motion A&tion is propagated in a ſtraighe line.. Bur: 
when a Body hath its parts ſo moved, that ir ſenſibly both Heats 
ECO at the ſame rime,rhen ir is, that we ſay Fire is genera» 

red. 

Now by Fire I do not underſtand a Body diſtin from: mater: 
col ible or glowing, as VVood or Iron , but the matter. ir (elf, 
not fimply and always, but then onely when it ſhineth and heareth. 
He therefore that renders a cauſe poſſible,and agreeable to the reft 
of the Phenomena, namely, whence and from what ation both the 
Shining and Heating proceed,may be thought to have given a poſh- 
ble cauſe of the generation of Fire. | 

Let therefare A BC (in the firſt Figure)be a Sphere,or the por- 
tion of a Sphere, whoſe Cenggg is D;and let it be tranſparent and 
homogeneous, as Criſtal, GI, or Water, and obje&ed to the. 
' Suntie. Wherefore the foremoſt parc A'B C, will by the ſimple 
motion of the Sunne, by which ir thruſts forwards the Medium; 
be wrought upon Y che Sur-beams in the ſtraight lines E A,.F B: 
and G C ; which ſtraight lines may in reſpeR:* of the grear di- 
ſtance of the Sunne be taken for parallels. And ſecing the Medium: 
within the Sphere is thicker then the Medium withou: it ,- thofe 
Beams will be refra&ed towards their perpendiculars. Let the 
ſtraight lines E A and G © be produced till chey cut the Sphere in 
HangT; and'drawing the poppy ADandCD, the rc- J 
frated Beams'E A and G © will of neceſſity fall,the one between vi 
AHand AD; orher between CI and C D.Let thoſe refra&ted 


Beams 


- . \ Y _ - 
—% "S- on « Þ = % 2 ” 


336 '  » ., PHYSI QUES, or phe | Part @ 
Beams be A K and C L., And again, letthe lines D KM & DEN, . 
be drawn perdendiculaxo the Sphere, andler AK and C L be 
produced ill they mcer with the ſtraight line B D produ- 
ced in O. Secin; rhercfore the Medium within the Sphere1s 
thicker then that without ic, the ecfracted line. AK will recede 
turcher from the perpendicular KM, then K © will recede from 
the ſame. Wherefore K Owill tall berwcen the refracted lineand. - 
the perpendicular, Let therefore the refrafted line be K P, cutting 
F O in P; and for the ſame reaſon the ſtraight line E P will be the 
refracted line of rhe ſtraizht line C L.V herfore,ſecing. the Beams 
are nothing elſe but the Wayes in which the motion 15 propa ga- 
ted, the motion about P. will be ſo much more vehement then the 
motion about A B C, by how much the baſe of the portion ABC 
is greater then the baſe of a like portion in the Sphere whoſe Cen- 
- ter isP, and whoſe magnitude is equal to that of the little Circle 
about P,which comprehendeth all che Beams that are propagated 
from A B C; and this Sphere being much leſs then the: Sphere 
ABC; the parts of the Medium, thar is, of the Aire abqut P, will 
change places with one another with much greater celerity,. = 
thoſe about A B C.lf therefore any matter Combuſtible, that 1s to 
ſay, ſuch as may be eaſily difſipared:, be placed in P, the pans of 
that matter (if rhe proportion be great enough between A C and a 
like portion of the little circle abour P)wil be freed from their mu- 
tual coheſion,1nd being ſ-parated willacquire {1yple motion. Bur 
vehcment {imple motion gencrates,g the beholder a Phantaſm, of 
Lucid and Hor, asI have before ddK@nitrated of rhe fimple moti- 
on of the Sunnc ; and therefore rhe combuſtible matter which is + 
placed 1nP willbe made Lucid and Hot, that 1s to (AY 1 Wi lhe 
Fire, Wherefore I have rendered a poſlible cauſe of Fire;zwhich 
was tobe done. , | | The 7b 
5 From the manner by which the Sunne generateth Fire,- its 
ply ro explaine the manner by which Fire may be generazed b 
the collifion of two Flints. For by that Colbſion ,, icme - thoſe 
particles of which rhe ſtonc is compacted), are violently ſepara- 
red and thrown off; and being wirhall ſwiftly, rurned xound, zhe 
Eic is moved by themzas it is inthe generation of Light bythe 
Sunne. Wherefore chey ſainez and falling upon ,marter which 
. is 
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ſipate the parts thereof,and make rot | | 
(asI mw newly ſhewn) Light and Heat, thatis to fay , Fire is ge> 
perated, a 

6 The ſhining of Glow-worms, fome kinds of Rotten Wood, and 
of a kinde of ſtone made ar Bologna, may have one common cauſe, 
namely the expoſing of them tothe hor Sunne. We finde by ex- 

rience that he #14 frone ſhines not unleſs it be fo expoſed ; 
and after it has been expoſed It ſhines but for a little time, name- 
ly, as long as it retains a certain degree of heat. And the cauſe 
may be, that the parts of which ir is made,may together with Heat 
have Simple Motion imprinted in them by the Sunne.VV hich it ic 
be ſo,it is necefſary,thart it ſhine in the dark;as long as there is ſuf- 
ficient heat in itz but vhis ceaſing , it will ſhine no longer. Alſo we 
find by experience, that in the Glow-worm there is a certain thick 
humourglike theCriftalline humour of the Eiezwhichif itbe taken 
out, and held long enough in ones fingers,and then be carricd into 
the dark, it will thine by reaſon of the warmth it received from 
the fingers ; but as ſoon as it is cold, it will ceaſe m_— From 
whence therefore can theſe creatures have their Light , but from 
Tying all day in the Sun-ſhine, in the hotteſt rime of Summer > 
the ſame manner, Rotten Wood, except ir grow rotten in the Sun- 
ſhine, or be afterwards long enough expofed to the Sunne, will 
not ſhine, Thar this doth not happen in every VWorm, nor in all 
kinds of RottenWood,nor in all Ghlcined Stones,the cauſe may be, 
that the parts of which thoſe Bodies are made, are different both 
in motion and figure from the parts of Bodies of other kinds. 

7 Alſo the Sea-water ſhineth when it is either daſhed with the 
ſtrokes of Oares, or when a Ship in its courſe breaks ſtrongly 
through it ; but more of leſs ber as the Winde blows from 
different points. The cauſe whereof may be this, that the particles 
of ſalt (hough they never ſhine in the Salt-pits, where rhey are 
but ſlowly drawn up by the Sunne ) being here beaten up into the 
aire in greater quantities, and with more force , ate withall made 
to turn round , and conſequently to ſhine , though weakly, I have 
therefore given a poſſible cauſe of .this Phenomenon, ' 

8 If ſuch matter as is ts; of hard little Bodies, be ſet 
. x on 
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on fire, it muſt needs be , that as hey fiye- out in greater or leſſe 
uantities, the Flame which is made. , them , will be greater or 
leſs. Andif the zthereal or fluid poſe of that matter fly out toge- 
ther with them, their motion will be the Swifter,as it is in Wood, 
and other things which flame with/a manifeſt mixture of Winde. 
When therefore theſe hard particles by their flying out , move 
the Eye ſtrongly, they ſhine bright z and a great quantity of them 
flying out togerher, they make a great ſhining Body.For Flame be- 
ing nothing bur an aggregate of ſhining particles, the greater rhe 
aggregate 15, the greater and more maniteſt will be the Flame. 1 - 
have therefore ſhewn a poſſible cauſe of Flame. And from hence 
the tauſe appears evidently , why Glals is fo eaſily and quickly 
melted by = ſmall Flame of a candle blown , which will not be 
melted without blowing, bur by a very ſtrong Fire. 

Now if from the ſame martter;there be a part broken off (name- 
ly ſuch a part as conſiſteth.of many of the ſmall particles), of this 
is made a Spark. For from the breaking off , it hatha violent turn- 
ing round; and from hence it ſhines. But though from this mat- 
ter, there fly neither Flame nor Sparks ; yet ſome of the ſmalleſt 
parts of it may be carried out as farre as to the Superficies, and 
reaig there, as Aſhes; the parts whereof are ſo extremely 
ſmall;that it cannot any longer be doubted hoiy farre Nature may 
proceed in Dividing. ' 

Laſtly, though by the application of fire to this matter;there fly 
little or nothing from it,yet there will be in the parts an endeavour 
to Simple motion;by which-the whole Body will either be Melted, 
or (which is a degree of Melting) Softned. For all Motion has 
ſome effe& upon all Matter whatſoever (as has been ſhewn at the 
34d Article of the 16th Chapter). Now if it be ſoftned toſuch a 
degree, as that the {tubborneſs of the parts be exceeded by their 
gravity, then we {ay it is Melted ; otherwiſe, Softned , and made 
Pliant and Du#le. 

Again, the matter having in it ſome particles hard,others zthe- 
zeal or watery , if by the application of fire theſe later be called 
out , the former will thereby come to a more full conta& with one 
another z and conſequently will not be ſo eaſily ſeparated ; that is 
to {ay , the. whole Body will be made Harder, And this or 
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_ cauſe why the ſame Fire makes ſome things Soft, others 
Hard. ; 

9 Itis known by experience, that if Hay be laid wet together in 
a heap, it will after a time begin to ſmoke, and then burn as it 
were of it ſelf, The cauſe whereof ſeems to be this, that in the 
Ajre which is encloſed withih the Hay , there are thoſe little Bo- 
dies,which(as I have ſuppoſed)are moved freely with ſimple Mo- 
tion. But this Motion being by degrees hindred more and more by 
the deſcending moiſtare,which ar the laſt fils and ſtops all the pal- 
ſages, the thinner parts of * aſcend by penetrating the wa- 
ter; and thoſe hard little Bo ing ſo thruſt together that they 
rouch and preſs one another,acquire ſtronger motion:till at laſt yy 
the increaſed ſtrength of this motion the watery parts are fir 
driven outwards, from whence appears Vapour ; and by the conti- 
nued increaſe of this motion , the ſmalleſt particles of the dryed 
Hay are forced out, and recovering their natural fimple Motion, 
they grow Wot and Shine, that is to ſay, they are ſet on Fire. 

The ſame alſo may be the cauſe of Lightning ; which happens 
in the hotteſt time of the yeare, when the water is raiſed up in 
greateſt quantity, and carried higheſt. For after the firſt Clouds 
are raiſed » others after others follow them z and being congeled 
above , they happen (whileſt ſome of them aſcend and others de- 
ſcend) to fall upon another in ſuch manner, as that in ſome places 
allcheir parts are joyned together , in others they leave hollow 
Spaces between them ; aud into theſe ſpaces (the #thereall parts 
being forced out by the compreſſure of the Clouds) many of the 
harder little Bodics are ſo pent together, 'as that they have not 
the liberty of ſuch motion as is naturall tothe Aire, Wherefore 
their endeavour growes more vehement , till at laſt they force 
their way through the Clouds, ſometimes in one place, ſome- 
times in another; and breaking through with greatnoiſe , they 
move the aire violently , & ſtriking our Eies generate Light,zthar 
15 to ſay , they Shine. And this Shining is that we call Lightning. 

10 The moſt common Pheaomezon proceeding from Fire, and 
yet the moſt admirable of all others, is the force of Gunpowder 
fired ; which being compounded of Niter , Brimſtone and Coles 
beaten ſmall, hath from the Coles its firſt raking fire ; from the 
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Brimſtone its nouriſhment and flame,that is to ſay, Light and mo- 
tion; and from the Niter the vehemence of both. Now if a piece 
of Nitcr, (before it is beaten) be laid upon a burning Cole, firſt it 
melts,and like water quencheth that part of the Cole it gouch- 
eth. Then Vapor or Aire flying out wherethe Cole and Niter 
joyne , bloweth the Cole with greft ſwiftneſſe and veh:emence 
on all ſides, And from hence it comes to paſſe, that by two con- 
trary motions (the one,of the particles which go out of the burn- 
ing Cole, the other, of thoſe of the #therealband watery ſubſtance 
of the Niter) is generated that n_ Motion and Inflammati- 
on. And laftly , when there is ore aCtion from the Niter 
(that is to fay, when the volatile parts of the Niter are flown out) 
there is found about the fides a .certain white ſubſtance , which 
being thrown again into the fire, will grow red hot again, but will 
not be diſſipated , at leaſt , unleſle the fire be augmented. If now 
a poſſible cauſe of this be found out , the ſame will alſo be a poſſhi- 
ble cauſe why a grain of Gunpowder ſet on fire doth expand it 
ſelfe with ſuch vehement motion, and Shine, And it may be caul- 
ed in this manner. 

Let the particles of which Niter conſiſteth , be ſuppoſed to be 
{ome of them hard, others watery, and the reſt zthereall. Allo 
let the hard particles be ſuppoſed to be ſpherically hollow, like 
{mall bubbles , ſo that many of them growing together may con- 
ftirute a Body whoſe little cavernes are filled with a ſubſtance 
which is either watery,or zthereal, or both, As ſoon therefore 
as the hard Sonny are diſſipated , the watery and zthereal 

articles will neceſſarily fly out; and as they fly, of neceſſity blow 

rongly the burning Coles and Brimſtone which are mingled 
together; whereupon there will follow a great expanſion of Light, 
with vehement flame, and a violent diſſipation of the particles of 
the Niter, the Brimſtone and the Coles. VWhereforeI have gi- 
ven a poſſible cauſe of the force of fired Gunpowder. 

It is manifeſt from hence , that for the rendering of the cauſe 
why a bullet of lead or iron ſhot from a peece of Ordnance flies 
with ſogreat velocity, there is noneceſlity to introduce ſuch Rare- 
faQion, as (by the common definition of it) makes the ſame Mat- + 

tex to have ſometimes more, ſometimes lefle Quantity ; which is 
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unconceiveable. For every thing is faid ro be greater or lefle, as 
it hath more or lefſe Quantity. The violence with which a buller 
is thruſt our of a Gun , proceeds from the ſwittneſſe of the ſmal 
particles of the fired Powder ; at leaſt it may proceed from thar 
cauſe, without the ſuppoſition of any Empty Space. 

11 'Befides, by the attrition or rubbing of one Body againſt a- 
nother, as of Wood aging Wood, we find that not only a cer- 
taine degree of Heat , bur Fire it ſelfe is ſometimes generated. 
For ſuch motion , is the reciprocation of preſſure, ſometimes one 
way ſometimes the other ; and by this reciprocation, whatſoever 
is fluid in both the peeces of Wood, is forced hither and thitker, 
and conſequently , to-an endeavcur of getting our; andat laſt by 
breaking out makes Fire. | 

12 Now Light is diſtinguiſhedinto, Firſt , Second, Third,and 
ſo on infinicely. And we call chat Firſt Light, which is inthe firſt 
Lucid Bodie , as the Sunne, Fire, &c. Second, that which is in 
ſuch Bodies as being not tranſparent are illuminated by the 
Sunne; as the Moon, a Wall, &c. and Third, that which is 
in Bodies not tranſparent but illuminated by Second Light, &c. 

13 Colour is Light, but croubled Light ; namely, ſuch as is gene- 
rated by perturbed motion; as ſhall be made manifeſt by the Red, 
Yellow, Blew and Purple which are generated by the interpoſiti- 
on of a Diaphanows Priſma (whoſe oppoſite baſes are triangular)be- 
tween the Light and that which is enlightened. 

For ler there bea Priſma of Glaſle, or of any other tranſparent 
matrer which is of greater denſity then Aire and let the tri- 
angle ABC be the baſe of this Priſma, Allo let the ſtraight, 
line D E be the diameter of the Sunnes Body, having oblique po- 
ſition to the ſtraightline AB ; and let the Sunne-beames paſlein 
che lines DA andE BC. And laſtly ler the ſtraight lines D A 
and E C be produced indefinitely to F and G, Seeing therefore 
the ſtraighr line D A, by reaſon of the denſity of the Glaſle is re- 
frated towards the perpendiculas ; let the line refraced at the 

oint A be the ſtraight line A H. And againe, ſecing the Medium 
belion AC is thinner then that above it , the other reTa&ion 
which will be made there , will diverge from the perpendicular. 
Let therefore this ſecond refracted line be AT, Allo let the ſame 
| | | be 


» 


FX 
4 s 
— . 


242 _ __ PHTSIQUES, or the Part 4- 
be done at the point C , by making the firſt refraQted line to be 
C K, and the ſecond C L.Sceing therefore the cauſe of the refra- 
@ionin the point A of the {traight line of AB, is the exceſs of the 
reſiſtance of the Medium in A B above the reſiſtance of the Aire, 
there muſt of neceſſity be rea&tion from the point A towards the 
point B ; and conſequently the Medium at A within the triangle 
A BC, will have its motion troubled ; that is to ſay , the ſtraighr 
motionin AFand AH, will be mixed with the tranſverſe moti- 
on berween the ſame AF and AH, repreſented by the ſhort 
tranſverſe lines in the triangle A F H. Againe, ſecing ar the point 
A of the ſtraight line A C, there isa ſecond refraftion from A H 
in AI, the motion of the Medium will againe be perturbed by rea- 
ſon of the tranſverſe reaftion from A towards C; repreſented 
likewiſeby the ſhort tranſverſe lines in the triangle A HI. And 
in the ſame manner there 15 a double perturbation repreſented by 
the tranſverſe lines in the triangles C GK and C KL. But as for 
the light between A l and C G, it will not be perturbed; becauſe 
if there were in all the points of the ſtraight lines A Band A C, 
the ſame ation which 1s in the points A and C, then the plaine 
of the trianzle C G K would be every where coincident with the 
plaine of the triangle A FH ; by which meanes all would appear 
alike between A and C. Beſidcs, it is to be obſerved, that FFthe 

reaCtion at A, tends towards the illuminated parts which are be- 
rween A and C, and conſequently perturbeth the Firſt Light. And 

on the contrary, that a!l the reaQtion at'C tend towards the parts 

without the triangle, or without the Priſma ABC, where tacre 

is none but Second Light ; and that the trianzle A FH ſhewes 
'that pertyrbation of Light which is made in the Glaſſe ir ſel fe; 
as tl.c triangle A H I ſhewes that perturbation of Light which is 
made below the Glaſſe, In like manncr , that C G K ſhewes the 

perturbation of Light within the Glaſle z and C K L that which 

15 below the Glaſſe. From whence there are four divers moti- 

ons , or four different illuminations or Colours ; whoſe differen- 

ces appear moſt manifeſtly ro the Senſe ina Priſma (whoſe baſe 

is an equilatcrall triangle ) when the Sunne-beames that paſſe 

through it are received vpon a white paper. For the triangle 

A FH appears Redtothe Senſe ; the trzangle A HI Yellow; the 

tri- 
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triangle C G K Grden, and approaching to Blew ; and laſtly the 
triangle C K L appears Purple. Ir is therefore evident , Ghar 
when weak bur Firft Light/paſſeth through a more reſiſting dia- 
phanous Body,as Glaſle,the beames which tall upon ic tranverſly; 
make Redneſle ; and when the ſame Firit Lo is ſtronger, asir 
is in the thinner Medium below the ſtraight line AC, the tranſ- 
verſe beames make Yellowneſſe. Alſo when Second Light is 
ſtrong, as it is in the triangle C G K ( which is neereſt to the Firſt 
Light)the tranſverſe beames make Greeneſle;zand when the ſame 
. Second Light is weaker , as in the triangle CKL, they make a 
Purple colour. 

14 From hence may be deduced a cauſe why' the Moon and 
Starres appear bigger and redder neer the Horizon then in the 
Mid-heaven.For between the Eic and the apparent Horizon,there 
is more impure aire, ſuch as is mingled with Wartery and Earrhy 
little Bodies , then is between the ſame Elie and the more ele- 
vated part of Heaven. But Viſion is made by Beames which 
conſtitute a Cone , whoſe baſe , if we look upon the Moon , is the 
Moons Face, and whole vertex is in the Eie; and therefore many 
beams from the Moon muſt needs fall upon little Bodies that are 
without the Viſual Cone,and be by them reflected to the Eie. But 
theſe refleted beams tend all in lines which are tranſverſe to the 
Viſual Cone, and make atthe Eie an angle which is greater then 
the angle ofthe Cone. Wherefore the Moon appeares greater in 
the Horizon, then when ſhe is more elevated, And becauſe rhoſe 
refle&ed beames go tranſverſely , there will be generated (by the 
laſt article) Redneſle, A poſſible cauſe therefore is ſhewne , why 
the Moon , as alſo the Starres appear Greater and Redder in the- 
Horizon, then in the midſt of heaven. The ſame alſo may be the 
cauſe why the Sunne appears in the Horizon, Greater, ind of a co- 

Jour more degenerating to Yellow , then when: he is higher ele- 
vated. For the refle&ion from the little Bodies between, and 
- the tranſverſe motion of the Medium are ſtill che ſame. Burt the 
Light of the Sunne is much ſtronger then that ot the'Moon ;; and 
therefore (by the laſt article) his Splendor muſt needs by this per- 
turbavion degenerate into Yellowneſle. 
But for the generation of theſe four colours ,. it is not metry 
| at 
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that the figure of the Glaſs be a Priſma ; for if it were Spherical 
it weuld doe the ſame. For in a Sphere the Sunne-beatnes are 
twice refraced and twice refleted, And this being obſerved by 
Des Cartes; and with all that a Raineþow never appeares but when 
itrains; as alſo, that the props of raine have their figures almoſt 
Spherical; he hath ſhewne from thence the caule of che colours 
in the Rainbow ; which therefore need not be repeated. 

15 Whiteneff is Light ; but Light perturbed by the reflexions of 
many beams of _ comming to the Eye together within a little 
ſpace. For it Glaſs, or ar other D:aphanows Body be reduced to 
very ſmall parts by contuſion or concuſſion, every one of thoſe 
parts (if the Beams of a lucid Body be from any one point of the 
ſame refle&ed to the Eye ) will repreſent to the beholder an Idea 
or Image of the whole lucid Body , that 1s to ſay, a Phantaſme of 
White. For the ſtrongeſt Light is the moſt White z and therefore 
many ſuch parts will make many ſuch Images. Vherefore if 
thoſe parts lie thick and cloſe together , thoſe many Images will 
appear confuſedly , and will by reaſon of the confuſed Light re- 
preſent a VVhite Colour. So that from hence may be deduced a 

offible cauſe, why Glaſs beaten, that is, reduced to powder, looks 
hite. Allo ma Water and Snow are White ; they being 
nothing but a heap of very ſmall D:aphanous Bodies, namely,of little 
Bubbles, from whoſe ſeveral convex Superficies,there are by refle- 
xion made ſeveral confuſed Phantaſmes of rhe whole lucid Body; 
that is to ſay, Whitezeſſ, For the ſame reaſon, Salt and Nitre are 
Vhite; as conſiſting of ſmall Bubbles which contain within them 
Water and Aire; as is manifeſt in Nitre , from this, that being 
thrown into the firc, it violently blowes the ſame ; which Salt alſo 
doth, but with leſs violence. But if a VVhite Body be expoſed, not 
ro the Light of the Day, but to that of the Fire, or of a Candle, it 
will not at the firſt ſight be caſily judged whether it be White or 
Yellow; the cauſe whereof may be this, that the light of thoſe 
things which burn and flame , is almoſt of a middle Colour be- ' 
tween VV hiteneſs and Yellowneſs. 

16 As Whitenefs is Light , ſo Blacknef7 is the privation of 
Light, or Darkneſs; And from hence it is ; Firſt , that alfHoles, 
from which no light can be refle&ed to the Eie, appear Black. 

Se- 
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Secondly, that when a Body hath little eminent particles ereted 
Rraight up from the Superficies(ſo that the Beams of Light which 
fall upon them are refleQed , not to the Eie , bur to the Body if 
ſelf) that Superficies appears Black , in the ſame manner 45 
the Sea appears Black , when ruffled by the Wind. Thirdly, 
that any combuſtible matter is by the fire made to look Black 
before it ſhines. For the endeavour of the- fire being to diſſipate 
the ſmalleſt parts of ſuch Bodies as are thrown into it, it muſt firſt 
raiſe and ere& thoſe parts, before ir can work their diſſipation. It 
thezefore the fire be put out betore the parts be totally diffipaced, 
the Cole will appear Black ; for the parts being onely erected, the 
Beams of Light falling upon them will not be refleed to the Eie, 
but to the Cole it ſelf, Fourthly, that Burning Glaſſes do more ea- 
fily burn Black things then VV hite. For in a White Superficies, 
the eminent parts are convex, like little bubbles;and therefore the 
Beams of Light which fall upon them are refle&ed every way 
from the refle&ting Body. But in a Black Superficies, where the e- 
minent parcicles are more ere&ted,the Beams of Light falling upon 
them , are all neceſſarily refleted towards the Body it ſelf; and 
therefore Bodies that areBlack are more eaſily ſet on fire by the 
Sun-beams,then thoſe that areVV hitce.Fifthly,that all Colours that 
are'made of the mixture of White and Black , proceed from the 
different poſition of the particles ciiat riſe above the Superficies, 
and cheir different forms of aſperiry. For according to thele diffe- 
rences, more or fewer Beams of Light are refleed from ſeveral , 
Bodies to the E1e.But in regard thoſe differences are innumerable, 
and the Bodies themſelves ſo ſmall;that we cannot perceivethem, 
the explication and preciſe derermination of the Cauſes of all 
Colours isa thing of ſo great difficulty, thatT dare not undertake +. 
it, 
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Caae. XX VEIL þ 
Of Cold, Wind, Hard, Ice, Reſtitution of 
Bodies bemt , TA— | 
and T ; dudof 
Heads of Rivers, 


1 Why Breath from the ſame mouth ſometimes heats ,, and ſometimes cools, 


2 Wind, and the Inconftancy of Winds, whence, 3 Why there ts a conftane 
though not a great Wind from Safb to meer the Equator. 4 What ic rhe 
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wt hy mation, 6 What is the cawſe of Cold neen the Poles, 75 The 
of Ice; avd why the Cold is more renviſs in rainy then ins clear woethoer. 
water doth not freeze in deap Wells, «5 it doth meer the wy 969 | the. 
Earth. Why Ice 1s not ſo heaty as Water ; and why Wine is not ſo eafily | 
as Water, $ Another cauſe fa my the fuller comtatt Loos... 
Alſo how Hard things are brokgn, 9 A third cauſe of Hardueſs from. Feat. 
10 A fourth cauſe of Hardneſs from the motion of Atomes encloſed in a 
narrow ſpace, 11 How Hayd things are Softned, 12 Whence proceedsthe- 
[pont ancous Reſtitution of things Bent, 13 —_ what 
they are,and whence. 14 The cauſe of Lightning and T hundey, 1 5 Whencea 
it proceeds that (lowds can fall again, after they are ence elevated and free 
zu, I6 How it m_ be that the Moon ow eclipſed, when (he 19.45 7108 d84— 
metrally oppoſite to the Sunnee. 17 By what means mas) Sununes may appear 
_ £5 Of the Heads of Rovers, "MM 


S, when the motian of the ambient #zthereal 
ſubſtance makes the Spirits and fluid parts of 
3 our Bodies tend outwards, we acknowle 
Heat; fo, by the endeavour inwards of the 
& ſame ſpirits and hum6urs, we feel Cold. $o 
L that to Cool;is ro make the exterior parts of the 
HY Body endeavour inwards, by a motian contra- 
ry to that of Calefa8ror, by which the internal parts are called our- 
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wards. He therefore that would know the cauſe of Cold mult find 
by what motion or motions, the exterior parts of any Body endea- 
vour to retire inwards. To begin with thoſe Phenomena which are 
the moſt familiar ;There is almoſt no manÞdur knows , that breath 
blown ſtronzly, and which comes from che mouth with violence, 
that is to ſay,the paſlage being {traight, will Cool the hand ; and 
that the ſame breach blown gently,rhar is to ſay,tirough a greater 
aperture,wil warm the ſame. Tae cauſe of which Pheaomee2 may 
be this. The breach going out,hath two moti6s;the one,of rhe whole 
and dire, by which the formoſt parts of the hand are driven in- 
wards; the other, {imple motion of the ſmall particles of the ſame 
breath, which(as I have ſhewn in the 3d Article of the laſt Chap- 
ter) cauſeth Heat, According therefore as either of theſe Motions 
is predominant , ſo there is the ſenſe ſometimes of Cold, ſome- 
times of Heat. Wherefore, when the breath is ſoftly breathed out 
at alarge paſſage,that ſimple Motion which cauſeth Hear prevail- 
eth, and conſequently Heat is felt 3 and when by compreſſing rhe 
lips the breath 15 more ſtrongly blown out, then 1s the dire& moti- 

on prevalent, which makes us feel Cold. For the dire& motion of 

the breath or aire , is Wind; and all Wind Cools,or diminiſherh 
former heat. 

2 And ſceing not onely great Wind , but almoſt any Ventilati- 
on and ſtirring of the Aire, doth refrigerate ; the reaſon of many 
experiments concerning Cold cannot well be given, without find- 
ing firſt what are the cauſes of Wind. Now Wind is nothing elſe 
but the dire& morion of the Aire thruſt forwards ; which never- 
theleſs,when many Winds concurre may be circular;or otherwiſe 
indireR, as it is in VVhirle-winds. Wherefore in the firſt place we 
are to enquire into the Cauſes of Vinds. #jnd is Aire moved in 

a, conſiderable quantity , and that either in the manner of Waves, 

which is both forwards & alſo up & downzor elſe forwards.onely. 

- Suppoſing therefore the Aire both cleer and calm, tor any time 
how liztle ſfoever ; yet the greater Bodies of the World, being ſo 
diſpoſed and ordered as has been ſaid, it will be neceſſary that 

a VV ind preſently ariſe ſome where. For {ceing that morion.of the 
_ of the. Aire which is made by the Simple Motion of the 

Ie 10. his own Epicycle, cauſeth an exhalation of the particles: 
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of water from the Seas and all other moiſt Bbdis;and thoſe part?” 
cles make Clouds it muſt needs follow, thar whileſt'the parri” 
cles of water paſs upwards, the particles of Aire T for whe keep" | 
ing of all Spaces full)be juſtled our en every ſide,and urge rhe next” 
particles, and theſe the next, till having made their circuirthere 
comes.continually ſo much Aires the hinder parts of che Earrh; 
as there went water from before it. Wheretore rhe xfcentins Va-' 
pours move the Aire towards the fidesevery way; atid-all dire@' 
motion of the Aire being Wind, they make a Wind. And if this 
Wind mcet oftenwith otherVapours which ariſe in otherplacesit 
is manifeſt that the force thereof will be atigmented; &-rhe yyay or 
courſe of it changed.Beſides, according as the Earth by irs drurnal” 
motion turns ſometimes the drier, ſometimes the miſter part ro- 
wards the Sunne, ſo ſometimes a greater, ſometimes a le{s quanri-' 
ty of Vapours will be raiſed, that 1s to ſay,, ſometimes there will 
be a leſs, ſomerimes a greater Wind. Wherefore I have rendred a 
poſſible cauſe of ſuch Winds, as are generated by/Vapours z and 
alſo of their Inconſtancy. — 

From hence it follows;that theſe Winds cannot be made in an 
place which is higher then that ro which Vapours may aſcend. 
Nor is that incredible which is reported of the higheſtMountains,, 
as the Pique of Tenariffe and the Andes of Peru, namely, that they are 
not at all troubled with theſe inconſtantWinds. And if it were cer- 
tain, that neither Rain nor Snow wereever ſeen in; the higheſt rops 
of thoſe Mountains, it could not be- doubted bur that rhiey are 
higherthen any place to which Vapours uſe toaſcend. 

3 Nevertheleſs, there may be Wind there, though nog that 
which is made bythe aſcent of Vapours,yer a leſs & more conſtant” 
Wind (like the.continued blaſt of a pair of bellows) blowing from: 
the Eaſt. And this may have a double cauſe;the one,the diurnal mo- 
tion of the Earth; the other, its _ motion in its own Epicycle. 
For theſe Mountains being (by reaſon of their height ) more emi-- 
nent then allthe reſt of the parts of the Earth, do by both: rheſe- 
Motions driye the Aire from the Weſt Eaſtwards.” To 'which 
though the diurnal Motion contribute bur little z yer ſeeing T have: 
=. 0yes that the fimple Motion of the Earth in us own Epicyele,, 

es two revolutions in the fame time in which the diurnal-Mo- 
. tian 
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tiom:makes but one 3 and that che Semidiatmmeter of the Epi 
isdoubletothe Semidiameter of the diurnal Converſion, the Mo- 
tion of .every point of the Earth in its own Epicycle will have its 
velocity quadruple to that of the diurnal\'Motion 4, fo, that by both 
theſe Motions together, the tops of thoſe Hils will ſenſibly be mo- 
V inſt the Aire; and conſequemly a VVind: will be felt. Foe 
wheteri cheAir ſtrike the Sentient,or the SentienttheAirthe per- 
ception of Motion will be the ſame. Burt this VVindſceing it is nor 
| by the aſcenr of, Vapours,muſt neceflarily be very Conſtant, 

4 When one Cloud js already aſcended into the Aire, if ano- 
ther Cloud. aſcend towards ir, that partof the Aire which is inter- 
cepted berween them bath, mult of neceſliry be preſſed out every 
way. Alſo when both of them, whileft the one aſcends, and the 0+ 
ther either ſtayes, or deſcends, come to be joyned in ſuch manner 
as that the zrhercal ſubſtance be ſhut within them on every ſide; it 
will by this compreſſion alſo go out by penetrating the Vater.Bur 
in the mean time, the hard particles which are minzled with the 
Aire, and are agitated (as I have ſuppoſed) with Simple Motion, 
wil not paſs through the water of the clouds,but be more ſtraight- 
ly compreſied within their cavities. And this I have demonſtrated 
at the 4th and 5th Articles of the zath Chapter. Beſides, ſeeing 
the Globe of the Earth fleateth in the Aire which is agitated by 
the Sunnes Motion, the parts of the Aire reſiſted. by the Earth,will 
ſpread themſelves; every way upan the Earths Superficics ; as I 
have ſhewnat the &th Article of the 22th Chapter. 

5 We perceive a Body to be Hard,trom this, thae when touching 
itwe would thruit forwards that part of the ſame whichwe touch, 
we cannot do ir otherwiſe thenby thruſting forwards the whole 
Body. Ve may indeed cafily and fenſibly thruſt forwards any par- 
ticle of the Aire or Water which we touch, whilſt yetthe 4 x of 
its parts remain (to ſenſe)unmoved, But we cannot do fo to 
part of a ſtone. Vherfore I define a Hard a to be that,whereof 
no part can be ſenſibly moved, unleſs the whole be maved. What- 
ſoever therefore is Soft or Fluid , the ſame can never be made 
Hard but by fuch motion , as makes may of rhe parts together 
ſtop the motion of ſome one-part, by reſiſting the ſame. 


6 Theſe things premiſed,] ſhall ſhew a polkible cauſewhy there 
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: Sunne between the Tropicks, driving — 
the Aire rowards that part of the Earths'Superficies which & per- k 
pendicularly under it, makes ir ſpread it ſelf every way che 
Fedociry of this expanſion of the Aire grows gredter and greazer,. 
as the Superficies of the Earth comes to be more and more 
firaightned, that is to fay, zs rhe Circles which are parallelcoche 
Zquator come tobe leſs and leſs. Wherefore this expanſive moti- 
on of the Aire, drives before itthe parts of the Aire which are in 
irs way continually rowards rhe Poles more and more ly,as 
its force ca&mesro be more and more united , thar is to ſay, as the. 
Circles which are parallel ro the Zquator are lefs and leſs; that 
is , ſo much the more , by how mach they are neercr-1o- the 
Poles of the Earth. Inthofe places therefore which are neerer to 
rhe Poles, there is greater Cold, then in choſe which are more-re- 
mote from them. Now this expanfion of the Aire upon the Super- 
ficies of the Earth from Eaft to Weſt,doth by reaſon of the Sunnes - 

al acceſſion tothe places which are ſectelhydy under it, . 
FakeirCold atthe time of the Sunnes Riſing and Setting 4 bur es - 
the Sunne comes tobe continually more and more. 5 icular: 
to'thoſe cooled places ,.fo by the Heat which is rperated byhe- 
ſupervening Simple Morion of the Sunn, that Colds againremir-- 
red; and can neverbe great,becaute the ation by which it was ge-- 
nerated , is not permanent. WhereforelI have rendred a le. 
cauſe of Cold in thoſe places thar are.neer rhe. Poles, or where ghe- 
obliquiry. of rhe Sunne ts great. 

7 How Water maybe congeled by Cold , may beexplaided.in 
this manner. Let A (in the firſt figure) repreſent the Sunne, and B 
the Earth, A will therefore be much greater then B, Let. E.F bein 
the plain of the Equino&ial; ro which let G HIK and L Cbe pa+- 
rallcl. Laſtly, ler 'C and D bethe Poles of the-Earth.. The Aire 
therefore by irs'aCtion in thoſe parallels will rake. the. Superficies 
ot che Earth; and that with motion ſo much the ftronger;byhow ' 
much he parallel Circles towards the Poles grow leſs and lels.. 
From whence muft arife a Wind , which will force together che 
uppermoſt parts of che:water;and withal raiſe chem a lire, weak-- 
rang their endeavour towards the'Center of the.Earch.And from 


theis: 
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thdedvonr of rhe ſaid uppermot parts of rhe water 
will be preffed rogeriier,, and coagulared , that 15. toſay , the-rop 
of 'the' Watbr will be-skinned. over and; hardned. ' And fo a- 
gaine the Water next the top will be hardned in the ſame man- 
ner , till-at length the Ice be chick. And this Ice being now com- 
paaecd of little hard Bodies, muſt alſo containe many particles of 
ayrereceived into it. = A gges: 1-2 
'-As Rivers ahdSeas,fo alſo in the ſame-mannex may the Clouds 
be frozen. For when by the aſcending and deſcending of ſeverall 
Clouds ar the ſame time; the Air intercepted between them is by 
compreſſion forced out, it rakes, & by lirtle8 little hardens them, 
And though thoſe ſmal drops (which uſually niake Clouds)be not 
et unired into greater Bodties,yect the ſame Wind will be made; 8 
y it, as water is congeled into Ice, ſowill Vapours in the ſame 
manner be congeled into Snow. From the ſame caule it is that Ice 
may. be made by art, and that not farre from the fire. For it is 
done by the mingling-of Snow and Salt together , and by burying 
in it a ſmall veſſel! tvll of Watcr., Now while the Snow and Salt 
(which have in them a great deale of aire ), are melting, the aire 
which is preſſed out every way in Wind , rakes the fides of the 
Veſſel; and as the Wind by its motion rakes the Veſlell , ſo the 


Veſlell by the ſame motion and ation congeles the Water within - 


it. | 
We find by experience; that Cold is allwayes more Remiſle in 
(#5 ng where it raynes, or where the weather is cloudy ( things 
cing alike in all other reſpects ) then where the aire is cleare, 
And this agrecth very, well with what I have ſayd before. For in 
cleare weather , the courſe of the Wind which (as I ſayd even 
now) takes the Superficics of the Earthzas it is free from all inter- 
ruption;ſo alfo it 1s vcry ſtrong.But when ſmall drops of water are 
either riſing or falling, that Wind is repelled , broken and difſi- 
pated by them ; and the lefle the Wind is, the lefle is the Cold. 
We find alſo by experience, that in deep Wells the Water 
treezethnot ſo much, as it doth upon the Superficies of the Earth. 
For the Wind by which Ice is made, entring into the Earth (by 


reaſon of the laxity of its parts ) more or leſle, loſeth me its 
| orcez 
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foree 4 thowgh nor much, $0 that if the Well be not rh ir will 
freeze; whereas it it be ſo deep , as that the Wind which cauſerh 
cold cannot reach ir;ir will not freeze, 

We find moteover by experience, that Ice is lighter then VVa- 
ter. The cauſe whereof is manifeſt from that which I have ab - 
ready ſhewn , namely, that Aire is received in and mingled with 
the particles of theWater whileft it is in congeling, 

8 We have cen one way of making things Hard, namely, by 
Congelation, Another way 1s thus. Having already ſuppoſed, thar 
innumerable Atomes, ſome harder then others, and that have ſe- 
veral ſimple morions of their own , are intermingled with the #- 
thereal ſubſtance; it follows neceſlarily from hence , that by rea- 
ſon of the fermentation of the whole Aire (of which I have ſpoken 
in the 21 Chap.) ſome of thoſe Atomes meeting with others, will 
cleave together,by applying themſelvs to one another in fuch man- 
ner as is agreeable to their motions and murual conta&s; and (ſee- 
ing there is no YVacuwm) cannot be pulled aſunder , but by fo much 
force as is ſufficient to overcome their Hardneſs. 

Now there are innnmerable degrees of Hardneſs. As(for exam- 
ple) there is a degree of it in Water, as is manifeſt from this, that 
_-_ a plain it may be drawn any way at pleaſure by ones _ 

eisa greater degree of itin clammy liquors z which wt 
they are poured out, doe in falling downwards diſpoſe themſelves 
into one continued thred ; which thred before it be broken will by 
little and lirtle diminiſh its thickneſs , till at laſt it be ſo ſmall, as 
that it ſeems to break onely in a point; and in their ſeparation the 
external parts break firſt from one another, and then the more in- 
ternal parts ſucceſſively one after another, In Wax there is yet a 
greater degree of Hardneſs. For when we would pull one part of 
it from another,we firſt make the whole maſs ſlenderer,before we 
can pull it aſunder. And how much the harder any thing is which 
we wopld break, ſo much rhe more force we muſt apply to it, 
Vherefore, if we go on to harder things,as Kopes,VVoo4, Metals, 
Stones, &c. reaſon prompteth us to believe that the pcs 
not alwayes ſenſibly) will neceſlarily happen ; and that even t 
hardeſt thin s are broken aſunder in the ſame manner, namely,by 


Solution of their continuity , begun in the outermoſt 2 mmg— 
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and proceeding ſucceſſively to the innermoſt parts. In like man- 
ner , when the.parts of Bodics areto be ſeparaftd, not by pulling 
them a{under , bur by breaking them, the firſt ſeparation willne- 
ceſſarily be in the-convex Superficies of the bowed parrt of the Bo- 
dy, and af.erwards in the concave Superficies, For in all bowing, 
there is in the convex Superficies an endeavour in the parts to go 
one from another, and in the concave Superficicsto penetrate one 
another. 

This being well underſtood, a reaſon may be given,how. rwo Bo- 
dies which arc contiguous ia one common $uperficies , may by 
torce be ſeparated without the introduftionof Vacuum ; though Lu- 
cretiis thought otherwile , believing that ſuch ſeparation was a. 
ſtrong c{tabliſhment of Vacuum, For a Marble Piilaw being made 
to hang by one of its baſes, it it be long enough itwill by its own 
weight be broken aſunder, and yet it will not neceſſarily follow 
that there ſhould be Yacuum, {ceing the ſolution of its continuity 
may begin in the Circumference, and proceed ſucceſſively tothe 
midſt rthercof, 

Laſtly , Wine is not fo calily congeled as Vater , becauſe in 
Vine there are particles wich Arms. not fluid , are moved very 
fwittly , and by their motion congelation' is retarded ; bur if the 
Cold prevail againſt this motion , then the outcrmolt parts of. the 
Wine will be firſt frozen,and afterwards the inner parts; whereof 
this is a ſigne, that the Wine which remains unfrozen in the midſt 
will be very ſtrong. | 

9 Another cauſe of Hardneſs in ſome things may be in this 
manner. If a ſoft Body conſiſt of many hard particles , which by 
the intermixture of many other fluid particles cohare but looſcly 
—_—_ , thoſe fluid parts (as hath been ſhewn in the laſt Article 
of the 21 Chapter) will be exhaled ; by which mcans cach hard 
particle will apply ir ſelf to the next to it according to a greater 
Superficies; and conſequently they will cohxre more cloſely to one 
another; that is toſay, the whole maſs will be made Harder. 

10 Again, in ſome things Hardneſs may be made to a certain 
aegree,inthis manner, VVhen any fluid ſubſtance hath in it cer- 
tain vezy ſmall Bodics intermingled,, which being moved with 


4mple motion af their own , contribute like motion to the parts of 
C14 the 
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Pattz' PHANOMENA of NATURE. 
fluid ſubſtggce , and this be done in a ſmall encloſed ſpace (as in 
the hollow of a little Sphere, or a'very lender Pipe)*it the moti- 
on be vehement, and there be a great nnmber of theſe ſmall en- 
cloſed Bodies, two things will happen; the one; that the fluid ſub- 
ſtance will have an endeavor of dilating it ſelf at once every way; 
che other,that it thoſe ſmal Bodies can no where get out;then from 
their reflexion it will follow , that the motion of the parts of the 
encloſed fluid ſubſtance, which was vehement before, will now be 
much more yvehement. Wherefore it any one particle of that fluid 
ſubſtance ſhould be touched 8& preſled by ſome external Movent, 
it could not yeild but by the application of very ſenſible force. 
Wherefore the fluid ſubſtance which is encloſed , and ſo moved, 
hath ſome degree of Hardneſs. Now greater and leſs degree of 
Hardneſs depends upon the quantity and velocity of thoſe ſmall 
Bodies and upan the narrownels of the place both together. 

11 Such things as are made Hard by ſudden heat, namely,fuch 
as arc hardned by fire, are commonly reduced to their former ſoft 
form by Maceration, For fire hardens by Evaporation, and there- 
fore if the evaporated moiſture be reſtored again , the former na- 
ture and form is reſtored together with it, And ſuch things as are 
frozen with Cold, if the Wind by which they were frozen change 
into the oppoſite quarter, they will be unfrozen again (unleſs they 
have gotten a habit of new motion or endeavour by long continu- 
ance in that hardneſs). Nor. is it enough to cauſe thawing , that 
there be a ceſſation of theTreezing Wind (for the taking away of 
the Cauſe doth not deſtroy a produced effe&); but the thawing al- 
ſo muſt have its proper cauſe,namely,a contrary Wind,or at leaſt . 
a Wind oppoſite in ſome degree. And this we finde to be true by 
experience. For if Ice be laid ina place fo well encloſed that the 
motion of the Aire cannor get to it, that Ice will remain unchang- 
ed, mo—_ the place be not ſenſibly cold. 

12 Ot Hard Bodics,ſome may manifeſtly be bowed; others not, 
but are broken in the very firſt moment of their bending. And of 
ſuch Bodies as may manifeſtly be bended , ſome being bent, do as 
ſoon as ever they are ſet at liberty, Reſtore themſelves to their for- 
mer poſture; others remain ſtill bent, Now if the cauſe of this Re- 
ſticution be asked, I ſay it may be in this manner; namely, that the 
particles of the bended Body, whileſt it is icId bent, do —_— 
G2S cls 
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[:h retain their fi6tih ; and bythis morion they reÞ@re it as ſoon 
asthe force iSremoved bywhich itwas'bem. Forwhen anything 
is bent (as a plate of fteel), td-as ſoon as the'forceis removed re- 
ſtores it ſelf again, irisevident that the cauſe'ot its reſtitution 
cannot be referred'to theambient aire ;*nor can it bereterred to 
the removal of the force by which irwtsbent  'for 'in things that 
areat reſt, the taking away of impediments, is not a' ſufficient 
cauſe of their future Motion ; there being no other cauſe of 
"Motion , but Motion. The cauſe therefore 'of ſuch Reſtitution 
is in the parts of the Steel ir ſelf, Wherefore whileſt it remains 
"bent, there is inthe parts 6f which ir confiſteth , ſome motion, 
thovgh inviſible, thar is to ſay , ſome endeavour ar leaſt that way 
by which the reſtitution is ro be made ; 'and theretore this endea- 
'vour of all the parts together is the firſt beginning of Reſtitutionſo 
that the impediment being removed ,' that is to ſay, the force by 
which it Was held bent, it will be reſtored again.' Now the motion 
_ of the parts by which this is donezis that which I called Simple 
"Mation., or Motion teturning into it ſelf, When therefore inthe 
bending of a plate , the ends are drawn a os , there ison one 
{ide a mutual compreſſion of the parts; which compreffion is one : 
"endeavour oppolite to another endeavour ; and onthe other ſide a 
diwulſion of the patts. The endeavour therefore of the parts on 
ene ſide tends to the reſtirution'of the plate from the- middle to- 
wards the ends; and on the other fide,:from the ends towards 
the middle. Wherefore the' impediment being taken away, 
_ this endeavour (which is the beginning of reſtitution) will reſtore 
the plate to its former poſture, And' thus I have given a poſſible 
cauſe why ſome Bodies when they are bent Reftore chemlelves a- - | 
- Kainz which was to be done. 

As for Stones , ſeeing they are made by the accretion'of many 
very hard particles within the Earth z. which particles have no 
great coherence, that is to ſay, touch one another in ſmall latitude, 
and conſequently admit many particles of aire , it muſt nceds be 
that in bending of themytheir internal parts will not eaſilybe com- 

preſſed by reaſon of their hardneſs.” And becauſe their:coherence 
13.not firm, as ſoon as the external hard particles are disjoynedzthe 
zthereal parts will neceſlarily break our,and ſo the Body will ſud-- 
denly be broken... Fr 8 
: x3 Thoſe: 
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ſuch by Nature from the beginning; as the ſubſtance -of the Aire, 
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Cauſe of Thunder and Lightentsg. For ſeeing the, Aire conſiſts of: 
. two parts,the one Athereal / which has.no proper motion of its. 
' own, as being a thing diviſible into the leaſt parts,the other Hard,. 
| namely, con{iſting:of many hard Atomes which haveevery one of 
\thema very ſwift ſimple motion of irs own; whileſt the Clouds by 
their mecting do more and more ſtraighten ſuch Caviries as wy 
intercept: theschereal parts will penetrate and paſs thro 
theirwatry ſubſtance; but the hard parts will inthe mean Se 
. the morethruſt together; and pxeſs one anotherzand conſequently 
\. (by reaſon of. their, vehemeng motions) they will have ap endea-- 
. vour to.rebound from eacH other, VV henſoever therefore the com- 
- preſſion is great enough/and the. concave parts of theCloudsare 
; (for: the cauſe I have atready given) congeled into Ice, the Cloud 
wil neceſlarily be bxdken; &rhys breaking of the. Cloud produce - 
the 
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the firſt clap of Thunder, Afterwards, the Aire: which was pent 
in, having now broken through , makes a concuſhon ofthe Aire 
without;and from hence proceeds the roaring and murmur which 
follows ; and both che firſt Clap and the Murmur that follows 
it , make that noiſe which is called Thuxder. Alſo from the 
ſame Aire breaking through the Clouds , and with concuſſion 
falling upon the Eie, proceeds rhar ation upon our Eie, which 
cauferth in us a perception of that Light which we call Zrghte- 
zing. Wherefore I: have given a poſſible caule of Thunder and 
Lightening. 
I5 Burtif the Vapours which are raiſed into Clouds, do run to- 
ether again into Water, or be congeled into Ice, from whence is 
1t (ſeeing both Ice and Water are heavy) that they are ſuſtained 
in the Aire > Or rather, what may the caule be, that being once 
clevated,they fall down again > For there is no doubt but the ſame 
force which could carry up that VVarter,could alſo ſuſtain it there, 
Why therefore being once carried up , doth it fall again > Ifay it 
proceeds from the ſame Simple Motion of the Sunne , both that 
Vapours are forced to aſcend , and that Water gathered into 
Clouds is forced ro deſcend. For in the 21th Chapter and 11th 
Article I have ſhewn how Vapours are elevated ; and in the ſame 
Chapter and 5th Article I have alſo ſhewn how by the ſame mo- 
tion Homogeneous Bodies arc congregated,8 Heterogeneous difſi- 
pared;thar is to fay,how ſuch things as have alike nature to that of 
the Earth, arc driven towards the Earthz that is to ſay,what is the 
cauſe of the deſcent ot Heavy Bodics.Now ifthe ation of the Sun 
be hindered in the raiſing of vapours, and be not at all hindered in 
the caſting of them down, the Water will deſcend, But a Cloud 
cannot hinder the ation of the Sunne in making things of anecarth- 
ly nature-deſcend to the Earth; though ir may hinder it in making 
Vapours aſcend For the lower part of a thick Cloud is ſo covered 
by 1ts upper partzas that it cannot receive that ation of the Sunne 
by which Vapours are carried up, becauſe Vapours are raiſed by 
the per ernal fetrhibhrarientof the Aire, or by the ſeparating of its 
ſmalleſt parts from one another , which is much weaker when a 
thick Cloud is interpoſed;then when the Skie is cleere, And there- 


tore whenſoever a Cloud is made thick enough, the water _ 
wou 
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would not deſcend before; will ther deſcend, unleſs'it be kept u 
by the agitation of the Winde. Wherefore I; have-rendred a 4 


ble cauſe, both why the Clouds may be-{uſtajned in-the Aire, and-' 


alſo why they may fall down a2ain torhe Earth z which was pro- 
pounded to be done. | 


16 Granting that the Clouds may beſrozen, itisno wonder if. 
the Moon have been ſeen eclipſed ar fucly time as1he hath been. 


almoſt two degrees above the Horizon,the Sunne at;the ſame time 
appearing inthe Horizon , for ſuch an Ecliple was obſerved by 
Meſtline at Tubing in the year 1590. For it might happen: that a- 
frozen Cloud was then interpoſed begvecn the Sunne and the Eio 
of the Obſerver. And if it were ſo, the Sunne.-which .was then al- 
moſt two Degrees below the Horizon, might appear to be mr. it, by 
reaſon of the paſſing of his Beams through the Ice, And it is ts be 
noted, that thoſe that attribute ſuch refra&tions ro the: Atmoſpherez 
cannot attribute to it ſo.great a refraction as this, Wherefore not 
the Atmoſphere, but eicher Water jna continued Body, or.clic Ice 
muſt be rhe cauſe of that refraction. | 1rd ictug 

17 Again, granting that there may be Ice in the Clomds,itwill 
be no longer a wonder that many Sunnes have ſometimes appear- 
cd at once, For Looking-glaſſes may be ſo placed , as by refiectt- 
ons to thew the ſame object in many places. And may not ſo many 
frozen Clouds ſcrve for ſo many Looking-glafles > and may they 
not be fitly diſpoſed for that purpoſe > Belides, the number of Ap- 
pearances may be encrealed by retra&tions alto; and therefore it 
would be a greater wonder to me, it fuch Phecomeza as rhetc 
ſhould never happen. 

And were it not for that one P:4zomen9n of the new Starre 
which was ſeen in Caſ#:opea, I ſhould think Comets were maile 1 
the ſame manner, namely , by Vapours drawn not onely from the 


Earth, bur from the reſt of the Planets alſo , and congeled intro one: 


continued Body. For I could very well from hence give a reaton 
both of their Haire, and of their motions. Bur ſeeing rhat Starre 
remained ſixteen whole moneths in the ſame place amonztt rhe 
fixed Starres, I cannot believe the matter of it was Ice. Wueretore 
I leave to others, the diſquiſition of the cauſe of Comets; concern- 
ing which, nothinz that hatch hitherto been publiſhed, ( vet1 CS 
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-the bare Hiſtories of them) is worth» conſidering. 


18 The Heads of Rivers may be deduced from Rain-water, of - 
from melred Showes , very caſily; bur from other cauſes; very 


hardly, or not at all. For both Rain-water;and melred Snowes run 
down the deſcents of Mountains, and if they deſcend onely by the 
outward Superficies, the Showres or Snowes themſelves may be 


accounted the Spritigs or Fountains; bur if they enter the Earth & 


deſcend within it,then whereſoever they break out;there are their 
Springs. And as theſe Spings make ſmall ſtreams, ſo, many ſmall 
ſtreams running together make Rivers. Now there was never 


Spring foſid,but where theVYater w*b flowed to it,was either fur- | 


ther, or at leaſt as farre from the center of the Earthyas the Spring 


it ſelf. And whereas it has bin obje@ed by a greatPhiloſopher,that | 


in the top of Mownt-Cenis (which parts Savoy from Piemont) there 
Springs a River which runs down by Siſa; it is not true. For there 
are above that River, for two miles lengrh, very high hils on both 
fides, which are almoſt perperually covered with Snow; from 
which,innumerable little ſtreams running down do manifeſtly ſup- 
Ply that River with warer ſufficient for its magnitnde, 
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Cnuae. XXIEN 


Of Sound , Odour , Savour, 
and T ouch. 


1 The definition of Sound, and the mr of Sounds, 2 The canſeof 
" the degrees of Sounds, 3 The difference between Sounds Acute and Grave, 
4 The difference between Clear and Hoarſe Sounds whence. 5 The Sound 
4 Thunder and of a Gunne,whence it proceeds, 6 Whence it s , that Pipes 

y blowing into them have a clear Sound. 7 Of Reflelted Sound, 8 From 
whence it is that Sound is Uniform and Laſting, og How Sound may be 
helped aud hindered by the Wind, 10 Not onely Aire , but other Bodies how 
hard ſoever ow be, conveigh Sound, 11 The cauſes of Grave and Acute 
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Sounds, and of Concent. 12 Phenomena for Smelling. 13 The firſt Organ 
and the generation of Smelling, 14 How it ts helped by Heat and by Wind. 
i5 Why ſuch Bodies are leaſt, ſmelt, which have leaſt intermixtare of «Aire 
in them, 16 Why Odorons things become more Odorous by being bruiſed. 
17 The firſt Organ of Taſting ; and why ſome $ avours cauſe Nanſconſneſs. 
18 The firſt Organ of Feeling ; ard how we come to the knowledge of ſuch 
Objetts 4s are common to the Touch and other Senſes, 


FIjO UND i See generated by the ation of the Medgum, 
| : 0 WE! when its motion Jegone the = ard the -þ of the Or gans 
Sl ROY of Senſe. Now the motion of the Medium is not the 
Ne SS V4 Sound it (elf, but the cauſe of it. For the Phantaſme 
SIFOH2) which is made in us, that is toſay , the Reaction of 
the Organ is properly that which we call Soud. 

The principal diſtin&ions of Sounds are theſe, Firſt , that one 
Sound is ſtronger , another Weaker, Secondly, rhat one is more 
Grave, another more Acute. ' Thirdly, that one is Clear, another 
Hoarſe. Fourthly,that one is Primary,another Derivative. Fifthly, 
that one is Uniform, another nor. Sixthly, that one is more Dura- 
ble, another leſs Durable. Of all which diſtinQions the members 
may be ſubdiſtinguiſhed into parts diſtinguiſhable almoſt infinite» 
ly.” For the variety of Sounds ſeems to be not much leſs then rhar 
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AsViſion,ſo Hearing is geyerated by the motion of the Medium, 
but not in the ſame manner.For Sight is from Preſſure;thar is,from 
an Endeavour; in whick there is no perceptible progreſſion of any 
of the parrs of the Medinm ; bur one part urging or thruſting on 
an other,propagaterh that action fucceſſively ro any diſtance _ t- 
ſoever ; whereas the. motion of the Medium by which Sound is 
made, is a Stroke, For when we Hear , the Drumme of the Eare 
(which is the firſt Organ of Hearing) is ſtrickenzand the Drumme 
being ſtricken, the P:4 ater is allo ſhaken , and with ir the Arte- 
ries which are inſerted intoit ; by which the ation being propa- 
gated to the Heart it ſeltby the geaQion of the Heart a Phamaſm: 
15 made which we call Sound ; and (becauſe the reaQion tendeth 
outwards) we think it is without. . 

2 And ſecing the effe&s produced by Motion , are greater cr 
Fffe, not onely when the Velocity 15 greater or leſs , bur alfo when. 
the Body hath greater or leſs Magnitude thongh the Velocity be 
the ſame ; 2 Sound may be greater or leſſe both theſe wayes. And 
becauſe ncither the greateſt nor the legſt Magnitude or Velocity 
can be given, it may happen, that either the motion may be of 
ſo ſmall velocity, or the Body ir ſelf of ſo ſmall _—_— » asto 
produce no Sound ar all; or cither of them may be ſogreat, as to 
take away the Faculry of Senſe by hurting the _ 

From hence may be deduced poſſible cauſes of the ftrength and: 
weakneſs of Sounds in the following Phenomena. . 

The firſt whereof is this , That it a man fpeak rhrough a Trunk 
which hath-on end applyed to.the mourh of the Speaker , and the 
other to the care of the Hearer, the Sound will come ſtronger then. 
& would do.through the open Aire. And the cauſe (not onely the 

ſible, but the certain and manifeſt cauſe) is rhis, that the Aire 
which is moved by the firſt breath , and carried torwards in the 
Trunk, is nor diffuſed, as it would be in rhe Aire , and is con- 
tequently b t to the eare almoſt with the ſame velocity with 
which it was firſt brearhed out ; Whereas inthe open Aire, the 
firſt motion diffuſerh it felf every way. into Circles , ſuch as arc 
made'by the throwing of a.Stone into @ ſtanding warer, where the 
velbcity leſs and leſs asrhe Undulation proceeds farther 
and ct from the beginning of iKsmorion. If 

The ſecond. is this » That if the Trunk be ſhort, and the 
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end which is ipplyed to the movith be wider then that which is 
applyed to the eare, thus alſo the Sound will be ſtronger then if it 
were made in the open aire. And the cauſe is the ſame, namely, 
that by how much the wider end of the Trunk is leſs diſtant from 
the begirining of the Sound, by ſo much the leſs is the diffuſion. 
The third, Thar it is eaſier for one thar 18 within a Chamber, to 
heare what is ſpoken without, then for him that ſtands wirthout,to 
hear what is ſpoken within. For the VVindows and other inlets of 
the moved Aire, are as the wide end of the Trunk. And for this 
reaſon ſome creatures ſeem to hear the better becauſe Nature ha s 
beſtowed upon them wide and capacious Ears. | 
The fourth is this, That though he which ſtandeth upon the Sex 
ſhore, cannot heare the Colliſion of the two neereſt waves, yer ne- 
vettheſs he hears the roaring of the whole Sea. And the cauſe 
feems tobe this, that though the ſeveral collifions move the Or- 
gan, yet they are not ſeveral] great enough to cauſe Senſezwhere-« 
as nothing hinders but that al of them rogether may make Sound. 
3 Thar Bodies wheh they ate ſtricken do yeild ſome a more 
Grave, others a more Acute Sound , the cauſe may conſiſt in the 
diffcrence of the times in which the parts tricken and forced out 
of their places, return to the ſame places again. For in ſonie Bo- 
dies,the reſtitution of the moved parts is quick,in others ſlow. And 
this alſo may be the cauſe why the parts of the Organ which are 
moved by the Medium,rerutn to their reſt again,ſomerimes ſooner, 
ſometimes later. Now by how much the Vibrations,or the recipro- 
cal motions of the parts are more frequent, by ſo much doth the 
whole Sound made (at the ſame time) by one ſtroke , conſiſt of 
more, and conſequently of ſmaller parts. For what is Acute it 
Sound, the ſane 15 Subrle in Matter ; and both of them , namely, 
Acute Sound), and Subtle Matrer coriift of very ſmall parts, thay of 
Time, and this of the Matter it ſelf. Cob ne GP 
The third diſtin&ion of Sounds cannot be cortecived cleatly & 
nough by the names have uſed of Clear and Howſ+ , hor by any ©» 
ther that know ; and therefore it is ncedful ro explain rhe 
examples, Vhenl ſay Horſe, I underſtand Whiſpering andHi 
ſing, and whatſoever & like torheſe, by what appellation ſ6ever #t 
be expreſſed. And Sounds of this kind feem ro be made by the 
force of ſome ſtrong Wind, raking rather then ſtrikins ſuch _ 
aa 3 
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Bodies, as it falls upon. On the contrary, when I uſe the word 
Clear , I do nor underſtaud ſuch a Sound as may be eafily and di- 
ſtintly heard, for ſo Whiſpers would be Clear , but ſuch as is 
made by ſomewhat that is Broken z and ſuch as is Clamor, Tink- 
ling, rhe Sound of a Trumpet, &c. and (to expreſs it ſignificantly 
1n one word), Nouſe. And ſeeing no Sound is made bur by the con- 
courſe of two Bodies at the leaſt,by which conconrſe it is neceſſary 
that there be as well ReaCtion as Action, that is to ſay, one motion 
oppoſite to another it follows, that according as the proportion 
berween thoſe two oppoſite motions is diverſified , ſo the Sounds 
whicit are made will be different from one another. And whenſoe- 
ver the proportion between them is ſo great, as that the motion of 
one of the Bodies be inſenſible if compared with the mption of the 
other, then the Sound will not be of the ſame kind ; as when the 
Wind falls very obliquely upon a hard Body,or when a hard Body 
is carried fwittly through the Aire for then there is made that 
Sound which I call a Hoarſe Sound, in Greek ,rywss. Therefore 
the breath blown with violence from the mouth makes a Hiſling, 
becauſe in going out it rakes the Superficies of the Lips, whole re- 
action againſt the force of the breath is not Senſible. And this is |: 
the cauſe why the Vinds have that Hoarſe Sound. Alſo it rwo Bo- © * 
dies how hard ſoever, be rubbed together with no great preſſure, 
they make a Hoarſe Sound. Andthis Hoarſe Sound when it is made 
(as I have ſaid) by the Aire raking the Superficies of a hard Body, 
leemeth to be nothing but the dividing of the Aire into innumc- 
rable and very ſmall Files, For the aſperity of the Superficies doth 
by the eminencies of its innumerable parts divide or cut in pieces 
the Aire that ſlides upon it. 

4 Nuſe, or that which I call. Clear Sound, is made two wayes ; 
one, by two Hoarſe Sounds, made by oppoſite motions the other, 
by Colliſion, or by the ſuddain pulling aſunder .of two Bodies, 
whereby their ſmall particles are put into commotion, or being al- 
xeady in commotion , ſuddenly reſtore themſelves again ; which 
motion making impreſſion upon the Medium, is propagated to the 
Organ of Hearing. And ſecing there 1s in this Colliſion, or divul- 
fon, an endeavour inthe particles of one Body, oppoſite to the en- 
deavour of the particles of the other Bodyzthere will alſo be made 
m.the Organ of Hearivg a like oppoſition of endeavours;that : to 

ay, 
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fay, of motions, and conſequently the Sound ariſing from therice, 
will be made by two oppoſite motions, that is to ſay, by two oppo- 
fite Hoarſe Sounds in one and the ſame parr of the Organ. For (as 
E have already ſaid) a Hoarſe Sound ſuppoſerh the ſenſible mori- 
on of but one of the Bodies. And-this oppoſition of morions in the 
Organ is the cauſe why two Bodies make a Noyſe;: when chey are 
—_— ſuddenly ſtricken againſt one anorher , or ſuddenly broken 
a{under, | 

5 This being granted ; and ſeeing withall , that Thunder is 
made by the vehement eruption of the Aire out of the cavities of 
congeled Clouds; the cauſe of the great Noyle or Clap,may be the 
ſuddain breaking aſunder of the Ice. For in this ation ir'is neceſ- 
ſary, that there be not onely a great concuſſion of the ſmall parti- 
cles of the broken parts, but alfo that this Concuſſion (by being 
communicated to the Aire) be carried to the Organ of Hearing, 
& make impreſſion upon it, And then,fromthe firſt reaQion of the 
Organ proceeds that firſt and greateſt Sound,which is made by tt e: 
colliſion of the parts whilſt they reſtore rhemſelvs, And ſeeing there 
is inall Concuſſion a reciprocation of Motion forwards and back- 
wards in the parts ſtricken, (for oppoſite motions cannot extin- 
guiſh one another in an inſtant, as I have ſhewn inthe 1 «th Arrt. of 
the 8th Chap.) it follows neceſſarily, that the Sound will both con- 
tinuez and grow weaker and weaker, till at laſt the a&ion of the 
reciprocating aire = ſo weak , aStd be unperceptible.. Where- 
fore a poſſible caule is given borh of the firſt fierce Noyle of the 
Thunder; and alſo ef the Murmur that follows ir. 

The cauſe of the great Sound froth a diſcharged piece of Ord- 
nance, is.hke that os Clap of Thunder, - For the Gunpowder be- 
ing fired, doth in its endeavonr to go out, attempt every way the 
ſides of the metal in ſuch manner, as thar it en/argerh the Cir- 
cumference all along, and withall ſhortneth the axis ; ſo that 
whileſt the peece of Ordnance is in diſcharging ,. it is made both 
wider and ſhorter then it was beforey and therefore alſo preſently 
after it is diſcharged its wideneſs will be diminiſhed,andatrs length 
encreaſed again by the reſtiturion of. all the particles of the 
matter of which ir conſiſterh to their former poſition. And: this 
is done with ſifch motion of the parts, as are: not onely. very. ve-- 
hement z. but alſo oppoſite. to one another. z which. morians 
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being communicated 'to the Aire »- make impreſſkon upoh. the 
-Organ , and by the reaQtion of the Qrgan create a Sound 3, which ' 
laſtech for ſome time , as I have already ſhewn in this Article, 

I note by the way (as not belonging to ehis place) that the poſh- 
ble cauſe why a Gun recoyles when it is thor off, may be this; That 
being firſt ſwoln by the force of the fire, and afterwards reſtori 
it ſelf; from this reſtitution there proceeds an endeavour from a 
the ſides towards the cavity z and conſequently this endeavour is 
in thoſe parts which are next the breech; which being not hollow, 
but ſolidzthe effect of the reſtitution is by it hindered and diverted 
into the length ; and by this means both rhe breechand the whole 
Gun is thruſt backwards; and the more forcibly by how much the 
force is greater by which the part next the breech is reſtored toits 
former poſture;that is to ſay, by how much the thiner is that parr, 
The.cauſe therefore why-Gunnes recoyle, ſome more, ſome leſs,is 
the difference of their thickne(s rowards the breech; & the greater 
that thickneſs is, the leſs they recoyl ; and comrarily. 

6 Alfothe cauſe why the Sound of a Pipe , which is made by 
blowing into it, ts nevertheleſs Clear, is the ſame with thar of the 
Sound which is made by colliſion. For if-the breath when it is 


blown into a Pipe doe onely rake its concave Superficics , or fall 
npon it with a very ſharp angle of incidence, the Sound will not be 
lear, but Hoarſe. Burt if the angle be great enough, the percuſſi- 


on whichis made againſt one of the hollow fides, will be reverbe- 
rated to the oppoſite fide , and fo ſucceſſive repercuſhons will be 
made from fide to fide, till at laſt the whole concave Superficics 
of the Pipe be put into motion ; which motion will be reciproca- 
red, as itis in Collifion ; and this reciprocartion being propagated 
to the Organ, from the reaction of the Organ will ariſe a Cleare 
— ſuch as is madeby Colliftonzor by breaking aſunder of hard 
es, 

In the ſame manner it is with the Sound of a Mans voice, For 
when the brearh paſſeth out, without interruption , and doth but 
lightly touch the cavities through which it is ſent, the Sound it 
maketh 1s a Hoarſe Sound. Burt if in going out it ſtrike ſtrongly 
upon the Larinx , thena Clear Sound is made, as in a Pipe. And 
the ſame breath, as it comes in divers manners to the Palate , the 
Tongue, the Lips, the Teeth, and other Qrgans of $ hacks ſo = 
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Sounds into which it is articulated become different from one an- 


other. | 

"7 Icall that Pronery Soard', which is generated by motion frotii 
the ſounding Body to the Organ in a ſtraight line withour reflexi- 
on; andIcall that Reflefex Sound, which is genetazed by one or 
more reflexions ; being the fame wirh that we call Ecþo; and is ite+ 
rated as often as there are reflexjons made from the ObFa to the 
Eare., And theſe reflexions are made by Hils, Wals, and other re- 
ſiſting Bodies,ſo placed,as that they make more or fewer reflexiopns © 
of the motion, according as they are themſelves more or fewer ip 
number; and they make them more or leſs frequently ,' according 
as they are more or leſs diſtant from one another. Now the cauſe 
of both theſe-chings is to be ſought for in the fituation of the refle- 
Ring Bodies, as is uſually done in Sight, For che Lawes of Reflexi- 
on are the ſame in both, gee rey the Angles of Incidence and 
Reflexion be equal to one another. If therefore in a hellow Eli 
on Body whole infideis well poliſhed, or in ewo right Paraboli. 
cal Solids which are joyned together by one common baſe, rhere 
be placed a Sounding Body in one of the Burning Points,& the Far 
in the other, there will be heard a Sound by many degrees greater 
then in the open Aire; and both this, and the burning of ſuch com- 
buſtible things, as being pur in the ſame places are ſer on fire by the 
Sun-beams, are effe&s of one and the ſame cauſe. But as when the 
viſible Obje& is placed in one of the Burning Points, it is not di- 
ftin&ly ſcenin the other , becauſe every part of the Obje@ being 
ſeen in every line which isrefleted from the Concave Superficies 
to the Eie, makes a contuſion in the Sight ; ſoneithep 15 Sound 
heard articulately and diſtinaly when ir comes to the Eare in all 
thoſe refle&ed lines. And this may be the reaſon,why in Churches 
which have azched rqoffs , though they be neither Elliptical yor 
Parabolical ; yet becauſe their figure is not much different from: 
theſe , the voicefrom the Pulpit will not be heard ſo articulazely 
aS it would be if there were no vaulting at all. 

$ Concerning the #iformity and Dyration of Sounds,þoth which. 

have one common cauſe, mmny obſerve, that ſuch Bodies as be- 
ingftricken yeild anunequal or harſh Sound, are very heteroge- 
ous, that is to ſay, they confift of parts which are very unlike borh 
in figure and hardnels, fuch as are Wood, Stones, and others = ai 
CV 
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ſew. When theſe are ſtricken, there follows a concuſſion of their 
internal particles, and a reſtirucion of them again. But they are 
neither moved alike, nor have they the ſame action upon one ano- 
ther; ſome of them recoyling from the ſtroke whileſt others which 
have already finiſhed their recoylings are now returning;by which 
means they hinder and ſtop on another. And from hence it is that 
their motions are not only unequal and harſh , but allo that their 
reciprocations come to be quickly extinguiſhed. Whenſoever 
rherfore this motion is propagated to the Earc, the Sound it makes 
is Unequal and of ſmall Duration. On the contrary , if a Body 
that is firicken,be not onely ſufficiently hard,burt have alſo the par- 
ticles of which it conſiſteth like to one another both in hardneſs 
and figure, (ſuch as are the particles of Glaſs and Metals , which 
being firſt melred- do afterwards ſettle and harden) the Sound it , 
yeildeth, will (becauſe the motions of its parts and their recipro- 
cations are like and Uniform) be Uniform and pleaſant, and be 
more or leſs Laſting according as theBody ſtricken hath greater or 
lefs magnitude, The poſſible cauſe theretore of Sounds Uniform, 
and Harſh, and of their longer or ſhorter Duration , may be one 
and the ſame likeneſs and unlikeneſs of the internal parts of the 
Sounding Body, in reſpe& both of their figure and hardneſs. 4 
Beſides, if two plain Bodics of the ſame matter, and of equal 
thickneſs, do both ycild an Uniform Sound, the Sound of that Bo- 
dy which hath. the greateſt extent of length will be the longeſt 
heard. For the motion which in both of them harh its beginning 
from the point of percuſſion , is to be Propuguted in the greater 
Body through a greater Space, and con oqungy that propagation 
will require more time ; an1 therefore alſo the parts which are 
moved will require more time for their return. Wherefore all the 
reciprocations cannot be finiſhed but in longer time , and being 
carried to the Eare, will make the Sound laſt the longer. An 
from hence it is manifeſt, that of hard Bodies which yeild an Uni- 
form Sound, the Sound laſteth longer which comes from thoſe 
thatare round and hollow, then from thoſe that are plain , it they 
be like in all other reſpe&s. For in circular lines the ation whic 
begins at any point, hath not frs the figure any end of its propaga- 
tion, becauſe the line in which it is propagated returns again to 1ts 


beginning ; ſo that the figure hinders not but that the motion _ 
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have infinite progreſſion ; whereas in a plain, every line hath-its 
magnitude finite, beyond which the action rn proceed. If 
therefore the mareer be the ſame, the motion of the parts of that 
Body whoſe figure is round and hollow,wil laſt longer;then of that 
which is plain, -' ; 

Alſo, it a ftring whichis ſtretched, be faſtned at bath ends to & 
hollow Body, ang be ſtricken, the Sound will laft longer then.if ic 
were not fo faſtned;becauſe the trembling or reciprocation which 
it reccives from the ſtroke, is by reaſon of the connexion commu- 
nicated to the hollow Body ; and this trembling , if che hollow 
Body be great , will laſt the longer by reafon of. that greatveſs. 
Wherefore alſo (for the reaſon above mentioned) the Sound will 
laſt the longer. 

9 In Hearing , it happens (otherwiſe then in Seeing) that 
the aCtion of the Medium is made ſtronger by the Wind when 
it blows the ſame way , and weaker when it blows the con- 
trary way. The cauſe whereof cannot proceed from any thing 
but the different generation of Sound and Light. For in the ge- 
neration of Light , none of the parts of the Medium between 
the obje& and the Eie are moved from their own places to ether 
places ſenſibly diſtant; but the a&ion is propagated in ſpaces tm- 
p_ tible; Fl that no contrary Wind can diminiſh, nor iavours- 

le Winde encreaſe the Light, unleſs it be ſo ftrong as toremove 
the Obje& further off,or bring itnearer to the Eie, For the Winds 
that is to ſay , the aire moved , doth not by its interpoſition be- 
tween the objec and the eie, worke otherwiſe then it would doe 
if ir were ſtil and calme. For where the preſſureis perpetual, 
one | of the aire is no ſooner carried away, but another by ſuc- 
ceeding it receives the ſame impreſſion which the part carried a- 
way had received before. But in the generation of Sound the 
firſt colliſion or breaking aſunder, beateth away &.driveth out of 
its place the neareſt partof the aire , and that to a conſiderable 
diſtance, and with conſiderable velocity; and as the circles grow 
(by their remoteneſle ) wider and wider, ſortheaire being more 
8& more diſſipated, hath alfo its motion more & more weakned. 
Whenſoever therfore the air is ſo ſtricken as tocauſe Sound.ifrhe 
Wind fall upon it, it will move ir all,neerer to the Eare if it blaw 


that way, and further from itif it blow the contrary way ; ſothat 
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ding as it blowes from or towards the Object, ſo the Sound which 
is heard will ſeeme to come from a neerer or remoter place; and . 
the action by reaſon of the unequall diſtances be ſtrengthened or 
debilitated. 

From hence may be underſtood the reaſon , why the voice of 
fuch as are faid ro {peake in their bellies ,. though it be uttered 
neer hand, is nevertheleſle heard by thoſe haakec ped nothing, 
as if it were a great way off. For having no former thoughr of a- 
ny determined place from which the voice ſhould proceed , and 
judging pry greateſle , if it be weake they thinke it a 
grcat way off, if ſtrong necr. Theſe Vertrilogui therefore by form- 
mg their voice, not (as others)by the emiſſion of their breath, buc 
by drawing it inwards , doe make the ſame appear ſmall and 
weake ; which weakneſle of the voice deceives thoſe that neither 
ſuſpe& theartifice, nor obſerve the endeavour which they uſe in 
ſ] baking z and ſo inſtead of thinking it weake they thinke it farre 
oft. 

10 As for the Medium which conveighs Sound, it is not Aire 
enely.For Water, or any other Body how hard ſocver may be that 
Medium, For the Motion may be propagated. perpetually in any 
hard continuous Body ; but by reaton of the difficulty with which 
the parts of hard Bodies are moved, the motion in going out of 
hard matter makes but a. weak impreſſion upon the Aire. Never- 
theleſs if. one end of a very long and hard beam be ſtricken,& the 
eare be applycd ax the ſame time tothe other end, ſo that when 
—— out of the beam, the aire which it ſtriketh may 
unmediately be received by the care, and be carried to the Tympa- 
mum,the Sound will be conſiderably ſtrong. 

In like manner, if in the night ( when.all other noyſe, which 
may:hinder:Sound, ceaſeth) a.man lay his eare to the ground, he 
will hear the Sound of the ſteps of Paſſengers, though at a great 
diſtance, becauſe the motion which by their treading they com- 
municate to:the earth, is propagated-to the care by the uppermoſt 
garts of thecarth which recciveth it from their ſhee. 


11 Ehave ſhewn above. that the difference between Grave 
and Acute Sounds conſiſteth in this,;that by. how much the ſhorter 
me time is, tn which the reciprocations of the parts of a Bod 
Sackenare made; by ſomuch & 


more Acute will be the Sound. 
R Now. 
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Now by how much a Body of the ſame bigneſs, is either more hea- 
 vyz orlefſs ſtretched, by ſo much rhe longer will the reciprocations 

laſt; and therefore heavier , and leſs ſtretched Bodies (if they be 
like in all other reſpeQs ) will yeild a Graver Sound then ſuch as 
be-lighter and more ſtretched, 

As for the Concent of Sounds, it is:to be conſidered ,. that the re- 
ciprocation or Vibration of the Aire ( by which Sound is made) 
after it hath reached the Drumme of the care, imprintetha like 
Vibration upon the air that isencloſed withinit,by which means 
the ſidesof the Drumme within , are ſtricken alrernately, Now: 
the Concent of two Sounds conſiſts in this , that the Tympanwm re- 
ceive irs ſtroke from both rhe Sounding Bodies in equal, & _y 
frequet ſpaces of time;So that when two ſtrings make theirVibra- 
tions inthe ſame times, the Concent they produce, is the moſt ex- 
quiſite of all other. For the fides of the T prge—— » (that is to ſay, 
of the Organ of Hearing)will be ſtricken by both thoſe Vibrations 
together ar once,on one {ide or other, For example,if the two equal 
ſtrings A Band C,D be ſtricken together,and the latitudes of their 
Vibrations E F and G H be allo equal, and the points E,G, F & H 
be in the concave ſuperficies of the Tympamm, ſo that it receive 
ſtrokes from both theſtrings together in E and G, and again toge- 
ther in F and H, the Sound which is 4 B 
made by the Vibrations of each ſtring, 
will be ſo like, that it njay be taken for (— 
the ſame Sound , and is called #-iſor; 
which is the greateſt Concord. Again, G E 
theſtring AB retaining ſtill its former 
Vibration EF, let the ſtring C D be 
ſtretched, till its Vibration have double 
the ſwiftneſs it had before , and let E F | 
be divided equally in I. In what time 1, 


SS 


therefore the ſtring CD makes one part 
of its Vibration from G to H, in the 
ſame time the ſtring A Bwill make one 
part of its Vibration from E to I; and in 
what time the ſtring C D hath made 
the other part of itsVibration back from I *# 
Bbb 2 H to 
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HtoG, in the ſame rime another part of the Vibtarion'of the" 
ſtrinz AB will be made from[T to F. But the points F and Gare” -; 
both in the ſites of the Organ , and therefore they will trike the- 
Organ borh rogerher, not at every ſ{troke,but at every other ſtroke. 
And this is the neereſt Concord to Uniſon , and makes thar- 
Sound which is called an Ezghth, Again , the Vibration of the 
firing A B remayning ill the ſame ir was , let C D be ſtretched 
till its Vibration be ſwifter then that of the ſtring AB, in rhe pro- 
ortion of z to 2, and letE F be divided into three equal parts 1n 
& and L, In what time therefore the ſtring C D makes one third 
part of its Vibration, which third part is from. G ro H, the ftring - 
A B will make one third parrt of its Vibration, that is to ſay, rwo 
thirds of E F, namely,E L.And in what time the ſtring C D makes 
another third part of its Vibration, namely HG , the ſtring AB 
will make another third part of its Vibration, namely, from L to 
F,. and back again from. F to L. «Laſtly, while@® the ſtring C D 
makes the laſt third part of its Vibration, that is, from G to Hzthe 
firing .AB will make the laſt third part of its Vibration from 
L to E. But the points E and Hare both in the fides of the Organ. 
Wherefore at every third time the Organ will be ſtricken by the 
Vibration of both the ftrings together , and make that Concord 
which is called a Fifth, 

12 For thefinding out of the cauſe of Smels, I ſhall make uſe of 
the evidence of theſe Tarwer) Phenomena, Firſt , that Smelling is 
hindred by Cold, and helped by Heat. Secondly, that when the 
Wind bloweth from:the Obje&, the Smel is the tronger;and con- 
trarily when it bloweth from the Sentient towards the Obje&, the 
weaker;both which Phenomeraare by experience manifeſtly found 
to be true in Doggs which follow the track of Beaſts by the Sent. 
Thirdly,.that ſuch Bodies as are leſs pervious tothe fluid Medium, 
yeild leſs Smell then ſuch as are more peryious ; as may be ſeen in 
Stones and Metals,which compared with Plants and Living Crea- 
tures, and their Parts, Fruits and Excretions, have very little or no 
Smell at all. Fourthly , that ſuch Bodies as are of their own na- 
ture Odorous, become yet more Odorous when they are bruiſed. 
Eifrhly, that when the breath is Ropped (at leaſt in Men) nothing 

can be Smelt, Sixthly , tl:at the ſenſe of Smeljing is alſo-raken 
away 
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13 By the fourth: aad fifth Phenomenon it is manifeſt ; "that the 
firſt and immediate Organ of Smelling ts the innermoſt cuticle of 
the Noftrils-, -and that part of ir which is below the paſſage com- 
mon to the Noftrils and the Palate. For when we.  breqthby 
the Noſtrils, we' draw it itito the Lungs: Tharbreaththetefore 
which conveighs Smels js in the way.which paſſechto' rhe Lungs, 
that is to ſay, in that part of the Noſtrils which is below Be 
Ter beyond which the breath goerh.For notlring is Smelt,nei- 


* 
o 


rherk ood rhe paſſage of rhe breach within , nor arall without 
the Noltrits.” . | | 
And fecing thar from different Smels there nuſt neceſfarily 
roceed fome mutation in the Organ , and all mutarion is mation; 
1t is therefore alſo neceſlary thar in Smelling , the parts of the Or- 
an, rhat is to ſay, of that internal cuticle, and the nerves that are 
inſerted into it, muſt be diverſly moved by different Smels. And 
ſeeing alſo thar ir hath been demonſtrated , rhar nothing 'can'be 
moved but by a Body thar is already moved and *conrigrious ; and 
that there is no other Body contiguous to the internal membrane-, 
of the noſtrils, but breath, that is to ſay, attracted aire, and ſuch. 
little ſolid inviſible Bodies(if there be any ſuch)as are interming- 
led with the aire; it follows neceffarily , that the canfe of Smel- 
ling is either the morion of thar-pure aire or zthereal Subſtance, 
or the motion of thoſe ſmall Bodies. But this motion, is an effe 
proceding from the Obje& of Smell ; and therefore cither the 
whole Obje& it (elf , or its ſeveral parts muft neceſſarily be: 
moved. Now we: know , that Odorous Bodies make Odour 
though their whole butk*bei'not moved. Wherefore the canſe 
of Odour is the motion. of rhe inviſible parts of che Odorous 
Body. And theſe inviſible parts do either go out of the Obje@ ,- or* 
elle 0 119997, ym former ſirugtion with the reſt of the parts, are: 
moved together with rh:cm; thar is to ſay, they have ſimple and: 
- Invitible motian. ' They that fay there goes ſomerhing out of the 


* Odorous Body, callir an Effluumm; whic mien is either of the- 
wthereal fubſtance; or Co Bodics, that. are: intermingled 
with it, But that all variety: 


: 


Odours ſhould” proceed' from — 
x8. 


7h 
ZE FAwuiums of thoſe ſmall Bodies that are intermingled with the 
#thereal ſubſtance, is altogether incredible, for theſe conſiderati- 
ons; Firſt, that certain Unguents, though very little in quantity,do 
nevertheleſs ſend forth very ſtrong Odours, not onely to a great di- 
ſtance of place, but alſo to a great continuance of time, and are to 
be Smelt 1n every point both of that place and time ; ſo that the 
parts iſſued out are ſufficient to fil ren thouſand times more ſpace, 
then the whole Odorous Body is able to fill ; which is impoſlible. 
Secondly, that whether that iſſuing out be with ſtraight or with 
crooked motion, if the ſame quantity ſhould flow from any other 
Odorous Body with the ſame motion , it would follow , that all 
Odorous Bodies would yeild the ſame Smell. Thirdly, that ſeeing 
thoſe Effluviums have great Velocity of motion(as is manifeſt from 
this, that noyſome Odours proceeding from caverns are preſently 


Smelr at a great diſtance) it would follow, that by reaſon there is 


nothing to hinder the paſſage of thoſe Effluuzums to the Orc.an, 
ſuch motion alone were ſuſhcient to cauſe Smelling, Which is not 
ſo;for we cannot Smell at all.unleſs we draw in our breath through 
our Noſtrils, Smelling therefore is not- cauſed by the Effluuium of 
Atomes ; nor, for the ſame reaſon is it cauſed by the Effluumm of 
zthereal ſubſtance; for ſo alſo we ſhould &mell without the draw- 
ing in of our breath. Beſides the zthereal ſubſtance being the ſame 
in all Odorous Bodies, they would always affe& the Organ in the 
_ manner, and conſequently the Odours of all things would be 
ike. 

It remains therefore, that the cauſe of Smelling muſt conſiſt in 
the Simple motion of the parts of Odorous Bodies, without any 
cflux or diminution of their whole ſubſtance. And by this motion, 
there is propagated to the Organ by the intermediate airezthe like 
motion, but not ſtrong enough to excite Senſe of it ſelf without the 
attraction of aire by reſpiration. And this is a poſſible cauſe of 
$melling, 

14 The cauſe why Smelling is hindred by Cold, and helped by 
Heat, may be this;that Heat (as hath been ſhewn in the 21 Chap- 
ter) generateth Simple motion; and therefore alſo whereſoever it 
1s already,there it will encreaſe it;and the cauſe of Smelling being 
encreaſed the Smell it ſclf will alſo be encrealcd, As for the ca b 
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why the Wind blowing from _the Obje&t makes the Smell the 
ſronger;it is all one with that for which the -attra@ion of aire in 
reſpiration doth the ſame. For he that draws inthe aire next to 
him, draws with it by ſucceſſion that airein which is the Obje. 
Now this motion of the aire is Wind, and when another Wind 
bloweth from the Obje, will be encreaſed by it. : 

, 15 That Bodies which c6tain the leaſt quantity of air;as Srones 
and Metals, yeild leſs Smell then Plants and Living Creatures;the 
cauſe may be,that the motion which cauſerh Smellingzis a motion 
of the fluid parts onely;which parts, if they have any motion from 
the hard parts in which they are contained;they communicate the 
ſame tothe open aire , by which it is propagated to the Organ. 
Where therefore there are no fluid parts, as in Metals; or where 
the fluid parts receive no motion from the hard parts,as in Scones. 
which are made hard by accretion, there can be no Smell. And 
therefore alſo the Water , whole parts have little or no motion z. 
yeildeth no Smell. But if the ſame Water, by Seeds, and the hear 
ot the Sunne , be together with particles of Earth raiſed intoa 
Plant, and be afterwards preſſed out again, it will be Odorous, as 
Wine from the Vine. And as Water paſling through. plants is by 
the motion of the parts of thoſe plants made an Odorous liquour;, 
ſo alſo of aire paſſing through the ſame plants whileſt they are 
growing, are made Odorous aires. And thus alfo ir is with the Jui- 
ces and Spirits which are bred in Living Creatures, 

16 That Odorous Bodies may be made more Odorous by Con- 
tricion , proceeds from this, that _ broken into many parts- 
which are all Odorous, the aire which by reſpiration is drawn. 
from the Object towards the Organ,dorh in 1ts paſſage touch upon. 
all thoſe parts, and receives their motion. Now the aire toucherh 
the ſuperticics onely; and a Body having leſs ſuperficies whileſt ir 
is whole, then all 'its parts rogerher have after it is reduced to 
powder,it follows that the ſame Odorous Body yeildeth leſs Smell. 
whileſt it is whole, then ir will do after it. is broken into ſmaller: 
parts. And thus much of Smels. 

17 The Taſt follows z whoſe generation. hath this difference 
from that of the Sight , Hearing and Smelling ,.rhat by theſe we 
have Senſe of remote Obje&s; whereas we Taſt nothing. but.what 
18.contiguous, and doth immediately touch. either the vane or 
Palate,» 


/ 296 " *  LAATSY WWHERS, wi the." 
Palate;or both: From whence it is evidens, rhat the cutides of the 
Tofigue and Palateand the Nerves inſerred imeo them are the fiſt 
Organ of Taſt;/and (beckfe from rhe concuſſion of the parrs.of 
thele, there followeth neceſſarily a concuffion of the Pia Mater) 
that the ation communicated ro rheleis ves 9 co the Brain, 
and from thence to the fartheſt Organ,namely;rhe Heartzin whoſe 
rea&ion conſifteth the nature of Senſe. + / - . 
Now that Savours (as well as Odours) doe not enely move the 
Brain,but the Stomack alſo,as is manifeftby theoathings that are 
cauſed by rhem borh , they that confider the Organ of both theſe 
Senſes will not wonder at all; ſecing the Tongue, the Palate &-the 
Noſtrils have one and the ſame continued curicle,derived from the 
Dura Mater, 

And that Effluviums have nothing to doe in the Senſe of Taſting, 
is manifeſt from this, that there is no Taſt where the Organ and 
the Obje& are not contiguous. : 

By what variety of motions the different kinds of Taſts (which 
are innumerable) may be diſtinguiſhed, I know not, I might (with 
others ) derive them from the divers figures of thoſe Atomes, of 
which whatſoever may be Taſted confiſteth, or from the diverſe 
motions which I might (by way of Suppoſition) attribute to thoſe 
Atomes ; conjecturing (not without ſome likelyhood of truth)that 
ſuch things as traſt Sweet, have their particles rtioved with flow 
circular motion, and their figures Spherical , which makes them 
{mooth and pleaſing to the Organ, that Bitter things have circular 
motion, but vehement, and their figures full of Angles , by which 
they trouble the Organ ; and that Sowre things have ſtrazght and 
reciprocal motion, and their figures long and ſmall, ſo that they 
cut and wound the Organ. Andin like mannerT might afſigne for 
the cauſes of other Taſts ſuch ſeveral motions and figures of A- 
tomes-as might in probability ſeem to be the true cauſes. But this 
would be to revolt from Philoſophy ta. Divination. 

18 By the Toxch, we teel what Bodies are Cold or Hot , though 
they be diſtant from us. Others, as Hard , Soft , Rough and 
Smooth, we cannot feel, unleſs they be contiguous. The Organ of 
Touch, is every one of thoſe membranes, which being continued 


from the Pja Mater, are ſo diffuſed thronghout the whole Body om 
| that 
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that no part of it can be preſſed, but the P74 Mater is I 
ther with it. VWhatſoever therefore preſleth it,+is felt as Hard or 
Soft, that is to ſay, as more or leſs Hard. 'And as for the Senſe of 
Rough, it is nothing elſe but innumerable perceptions of Hard and 
Hard ſucceeding one another by ſhort intervals both of time and 
place. For we take notice of Rough and Smooth as alſo of Mag- 
nitude and Fignre , not onely by the Touch , but alſo by Memo- 
ry. For though ſome things are rouched in one Point z yet Rough: 
and Smooth , like Quantity and Figure, are not perceived bue by 
che Flux of a Point, that is to ſay, we haveno Senle of them wirh- 
aut Time; and we can have no Senſe of Time, without Memory.. - 


_ . PHTSIQUES, or the . 


Cue. RRR, 
© Of Gravity. 


1 A Thitk, Body doth not contain more Matter (unleſs alſo more Place ) theu 
' a Thimne, 2 That the Deſcent of Heavy Bodies proceeds not frons their 
own Appetites, but from ſome Power of the Earth, 3 The difference of 
Grvities proceedeth frons the difference of the Imperus with which the Ele- 
ents whereof Heavy Bodies are made do fall vpon the Earth, 4 The cauſe 
of the Deſcent of "Heavy Brdies, 5 In what proportion the Deſcent of 
Heavy Bodies ts accelerated. 6 Why thoſe that Dive do not when they are 
under Water, feel the waight of the Water above them, 7 The Waight of 
a Body that floatethyis equal to the Waig ht of ſo much Water as would fill the 
ſpace which the immerſed part of the Body takes up within the Water. 8 If 4 
_ Body be Lighter then Water, then how big ſoever that Body be, it will float 
pon any quantity of Water how little ſoever, 9g How Water may be lifted 
np aud forced out of aVefſel by Air, 10 Why a Bladder is Heavier when 
blown full of aire, then when it 1s empty. 11 The cauſeof the ejetion np- 
wards of Heavy Bodies from aWind-Gun, .12 The _ of the aſcent of 
Water in a Weather-glaſs, 13 The canſe of motion upwaras in Living Crea= 
tures, 14 That there is in Natnre 4 kindof Body Hegvier then «Aire, 
which nevertheleſs 1s not by Senſe diſtinguiſhable from it, 15 Of the cauſe 
of Mag netical vertue, 


N the 21 Chapter T have defined Thick andThinne 
(as that place required ) ſo, as that by Thick was 
ignified a more Reſiſting Body , and by Thinne a 
Body leſs Reſiſting ; followinz the cuſtome of thoſe 
| that have before me diſcourſed of Refraftion,Now 
if we conſider the true and vulgar ſignification of thoſe words,we 
ſhall find them to be Names Colle&tive, that is to ſay , Names of 
Multitude ; as Thick to be that which takes up more parts of a 
ſpace given,8& Thinne that which contains fewer parts of the ſame 
magnitude, in the ſame ſpace, or ina ſpace equal to it. Thick 
therefore is the ſame with Frequert,as a Thick Troop; And Thinne 
the ſame with #:zfrequent, as a Thinne Rank , Thinne of Hou*+ 
ſes ; not that there is more matter in one place then in another i 
| qua 
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| place; but'a greater quantity.of ſome named Body. Far ther! 
:yo. leſs Narcer er Bod? indefnizely raken ina Delert, 'theh 
there is in a Ciry; but fewer Houſes, 'or fewer Men. Nor is there 
in a Thick Rank a greater quantity of muy » bur a greater 
number of Souldiers, then in a Thinne. Wherefore the mul- 
ticude & paucity of the parts contained within the ſame ſpace, do 
conſtieure Dexfityand Rarzty, whether thoſe parts be ſeparated by 
Vacuum, or by Aire. But the conſideration of this isnot of any great 
moment in Philoſophy; and thercforeT let it alone, and paſs on ts 
the ſearch of the cauſes of Gravzty. 


2 Now we call thoſe Bodies Heaty, which (unlefs they be hitt- by, 


dred by ſome force) are carried towards the center of the Earth, 
and that by their own accord , for ought we can by Senſe perceive 
to the contrary. Some Philoſophers therefore have been of opini- 


on, that the Deſcent of Heavy Bodies proceeded from ſome inter- 


nal Appetite, by which when they were caſt upwards, they deſ- 
cended again, as moved by themſelves, to ſuch place as was agree- 
able to their nature. Others thought they were attracted by the 
Earth. To the former I cannot aſſent, becauſel think I have airea- 
dy clearly enough demonſtrated, that there can be no beginning 


of motion, but from an external & moved Body;and conſcquently, . 


that whatſoever hath motion or endeavour towards any place, 
will alwayes move or endeavour towards that ſame placc;unlefs it 
be hindered by the reaQion of ſome external Body, Heavy Bodies 
therefore being once caſt upwards, cannot be caſt down again bur 


by extcrnal motion. Beſides, ſeeing inanimate Bodies have no Ap-- 


petite at all, ir is ridiculous ro think tha: by their own innate Ap» 
petite they ſhouldto preſerve themſelves(not underſtanding what 
preſerves them)forſake the place they are in,and transferre them- 
ſelves to another place 3 whereas Man (who hath both Appetite 
and underſtanding) cannot for the preſervation of his own hfe; 
raiſe himſelfe by leaping above three or four feet from the ground. 
Laſtly, to attribute to created Bodies: the power to move them- 
ſelves, what is itelſe then to ſay that there be creatures which 
have no dependance upon the Creator> To the later, who attri- 
bute the Deſcent of Heavy Bodies to the attra&tion of the.Farth; 
I afſent. But by what motion thisis done, hath not as yet becn cx- 


plained by any man, I ſhall therefore in this place ſay ——_ 1 
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of the manner, and of the way.by which che Earth by us aQion 
attracteth Heavy Bodies... -  * 194.7 | 
' 3 Thatby the ſuppoſitionof ſimple motion in the Sunne,homo- 
 geneous Bodies are congregated, and heterogeneous diffipated,has 
aiready been demonſtrated in the 5th Article of the 2x Cnapter. 
I have alſo ſuppoſed , that there are intermingled with rhe pure 
Airzcertain little Bodics,or(as others call them)Atomes,which by 
reaſon of their extreme ſmalnels are inviſible , and differing from 
one another in Conſiſtence,Frgure, Motion 65 Magnitude;trom whence 
it comes to paſs, that ſome of them are congregated to the Earth, 
others to other Planets, and others are carried up and down in the 
ſpaces berween, And ſeeing thoſe which are carried to the Earth, 
differ from one another in Figure, Motion and Magnitude , they 
will fall upon the Earth, ſome with greater, others with leſs 1mpe- 
ms, And ſecing allo that we compute the ſeveral degrees of Gra- 
vity no otherwiſe then by this their falling upon the Earth with 
greater or leſs Impetrs ; it follows, that we conclude thoſe to be the 
more Heavy that haye the greater 1mperw. ,. and thoſe to be 
leſs Heavy that havd the lefs impetus. Our enquiry therefore 
mult be,by what meapis it may come to pals, that of Bodies which 
deſcend from above to the Earch , ſome are carried with greater, 
others with leſs [mpetys ; that is to ſay, ſome are more Heavy then 
others. We muſt alſo pquire, by what means ſuch Bodies as ſettle 
upon the Earth, may by tte Earth it ſelf be forced to aſcend. 
4 Let the Circle mage upon the center C ( inthe 2d figure) be | 

a great Circle in the Supcrhticies of the Earth, paſſing through the 
points A and B. Allo letany Heavy Body, as the ſtone A D be 
placed any where in the p!ain of the Aquator ; and let itbe con- 
ccived to be caſt up from A D perpendicularly, or to be cArricd in 
any other line to 8 , and ſuppolſcd to reſt there, Therefore how 
much ſpace ſoever the ſtone took up in AD,ſo much ſpace it takes 
up now in E. And becauſe all place is ſuppoſed to be full;the ſpace 
A D will be filled by the aire which flows into it firſt from the 
neereſt places of the Earth, and afterwards ſucceſſively from more 
remote places. Upon the center C leta Circle beunderſtood to 
be drawn through E; and let the plain ſpace which is between the 
Superficies of the Earth and that Circle , be divided into plain 
Orbs equal and concentrique;of whichylet that be the firſt which is 
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contained by the two perimeters thar paſs through A &D.Whilft 
cherefore rd aire which is 12 the firſt Dube, filerh the place AD, 
the Orbe i ſelf is made ſomuch lefs, and a T1 latirude 
is leſs thenthe ſtraighe line A D. Wherefore there will neceflarily 
defcend ſo much aire from the Orbe next above. In like man- 
ner, for the ſame cavfe;there will alſo be a deſcent of aire from the 
Orbe next above thatzand ſo by Succeſhon from the Orbe in which 
the Stone is at reſt in E, Either therefore the Stone it ſelf, or fo 
much aire will deſcend, And ſeeing aire is by the diurnal revolu- 
tion of the Earth more eaſily thruſt away, then the Stone, the aire 
which isin the Orbe that contains the Srone will be forced further 
upwards then the Stone. Bur this, wirhour the admiſſion of YVacuems 
cannot be, unleſs ſo much aire deſcend to E from the place next a- 
bove z which being done; the Stoffe will be thraſt downwards. By 
this means therefore the Stone now receives the beginning of its 
Deſcent, that is to ſay, of its Gravity. Furthermore, whatſoever is 
once moved, will be moved continually(as hath been ſhewn in the 
19th Article of the 8th Chapter) in the ſame way , and with the 
ſame celerity, except it be retarded or accelerages by fome exter- 
nal Movent, Now the aire (which is the onely Bady thar is inter- 

{ed between the Earth A and the ſtone above it E)will have the 
ame action in every point of the ſtraight line E A, which it hath 
in E, Buticdepreſſed the ſtone in E ; and therefore alſo it will de- 
preſs it equally in every point of the ſtraight line E A. Wherefore 
the ſtone will deſcend from E to A with accelerated motion. The 
poſſible cauſe therefore of the Deſcent of Heavy Bodies under the 

Mquator, is the Diurnal motion of the Earth. And the ſame de- 
monſtration will ſerve, if the ſtone be placed in the plain of any o- 
ther Circle parallel ro the Aquator. But becauſe this motion hath 

by reaſon « irs greater ſlowneſs, leſs force rorhruſt off the aire in 

the parallel Circles then in the Zquator,and no force atall at the 

Poles, it may well be thought ( for it 1s a certain conſequent) that 
Heavy Bodies deſcend with leſs and leſs velocity,as they are more 
& more remote from theAquator;8 that at the Poles themſelves 
they wil either not deſcend ar all,or not deſcend by theAxis;which 
whether it be true or talſe, Experience, muſt determine. But it is 

hard to make the experiment , both becauſe the times of their det+ 
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ents cannot be eaſily meaſured with ſufficient exattnefs, and alfo 
becaule the places neer the Poles are inacceſſible. Nevertheleſs, 
this we know,.that by how much the neerer we come to the Poles, 
by ſo much the greater are the Flakes of the Snow that falls ; and 
by how much the more ſwiftly ſuch Bodies deſcend as are fluid 
and diſſipable,by ſo much che ſmaller are the particles into. which 
they are dif pager. 
5 Suppoling therefore this tobe the cauſe of the Deſcent of 
Heavy Bodies; it will follow, that their motion will be accelera- 
ted in ſuch manner, as that the ſpaces which are tranſmitted by 
them in the ſeveral times , will have to one another the ſame pro- 
portion which the odd numbers haye in ſucceſſion from Unity. Fox 
if the ſtraight line E Abe divided into any number of equal par:s, 
the Heavy Body deſcending, will (by reaſon of the perpetual aci- 
on of the Diurnal motion) receive from the aire in every one of 
thoſe times, in every ſeveral point of the ſtreight line E A, a ſeveral 
new and equal impulſion; and therefore alſo in cvery one of thoſe 
times it. will acquire a ſeveral and equal degree of celerity, And 
from hence it follows, by that which Gal{eus hath in his Dialogues 
of Motion demonſtrated, thar Heavy Bodies deſcend in the ſeve- 
ral times with ſuch differences of tranſmitted ſpaces as are equal 
ra the differences of the ſquare numbers that ſucceed one another 
from.Unity; wnich ſquare numbers being 1,449,16,8c.their diffe- 
TENCES Are 33 557&czthat is toſay,the odd numbers which ſucceed - 
auather.from Unity, Againſt this. cauſe of Gravity.which I have 
given, it will perhaps be objeQed, that if a Heavy Body be placed 
tthe bottom of ſome hollow Cylinder of Iron or Adamant, and 
the bottom be turned upwards, the Body will deſcend, thoughthe 
aire above cannot depreſs it, much lefs accelerate its motion, But 
it i$.to be conſidered,that there can be no Cylinder or Cavern, bur 
ſuch as.is ſupported by.the Earth , .and being ſo ſupported, is toge- 
ther-with the Earth carried about by its diurnal Motion. For by 
this means the bottom of the Cylinder will be as the Superficies of 
the Earth; and by thruſting off the next and loweſt aire,will make 
the uppermoſt aire depreſs the Heavy,Body which is at the top of 

ce Cylinder;in ſuch manner as is above explicated. 
6. The. Gravity of- Water. being ſo great as by experience wee 
fadt js ,.che reaſon ig demanded by many, why those that Dive, 
WA 
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how deep ſoever 5 go under water, donot at all feel the weight 
of thewater which lyes upon them. And the cauſe ſeems to- be 
this,char all Bodies by how much the Heavier they arc,by ſo much 
the greater is the endeavour by which they tend downwards. But. 
the Body of a Man is Heavier then ſo much water as is equal-to it 

in magnitude, and therefore the endeavour downwards of a Mans 
| Body'1s greater then that of water, And ſeeing all endeavour is 
motion, the Body alſo of a Man will be carried towards the bot- 
rom with greater Velocity then ſo much water, Wherefore there 
is greater ReaGtion from the bottom; and the Endeavour upwards 
is equal to the endeavour downwards, whether the water be preſ- 
ſed by water , or by another Body which is Heavier then water, 
And therefore by theſe two oppoſite equal endeavours,the endea- 
vour both ways in the water is taken away;and conſequently,thoſe 
that Dive are not at all preſſed by ir. 

Coroll, From hence alſo it is manifeſt, that water in water hath 
no Waight atall , becauſe all the parts of water (both the parts 
above, and the parts thatare dire&ly under) tend towards the. 
botrom with equal endeavour and inthe ſame ſtraight lines. bo 

7 If a Body float upon the water , the waight of that Body is 
equal to the waight of ſo much water as would fill the place 
which the rake wr part of the Body takes up within the water. 

'Let EF (in the 3d figure) be a Body floating in the water 
ABCD; andlet the part E be above, and the other part F under - 
the water. I ſay the waight of the whole Body E F is equal to the 
waight of ſo much water as the Space F will receive. For ſeein 
the waight of the Body EE F forceth the water our of the ſpace F, 
and placeth ir upon the Superficies AB, wherc it prefſeth down- 
wards;it follows, that from the reſiſtance of the bottom there will 
allo be an endeavour ppwards. And ſecing again that by this 
endeavour of the water upwards , the Body EF is lifted up; 
it follows , that if the endeavour of the Body downwards * 
not equal to the endeavour of the water upwards,cither the whole 
Body E F will (by reaſon of that inequality of their endeavours 
or moments) be raiſed out of the water, or el{c it will deſcend to 
the bottom, Bur it is ſuppoſed to ſtand {o., as neither to aſcend nor 
deſcend. Wherefore there is an «£quilit&r;um between the twoen- 
dcavours; that is to ſay,the waight of the Body E F is equal ae jr 
walzlt 
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waight of ſo-much water as the Space F will receive z Which 
was to be proved, 

8 From hence it follows,that any Body of how great magnitude 
fever, provided it conſiſt of matrer leſs Heavy then water , may 
nevertheleſs ftoat upon any quantity ef water how little ſoever. 

Let ABCD (in the qrh figure) be a veſlel; and in it.let 
» EFGH bea Body conſiſting of matter which is leſs _ then 

water ; and let the ſpace AGCF befilled with water. I ſay the 
Body EF GH will not fink to the bottom DC.For ſeeing the mat- 
ter of the Body EF GH is leſs Heavy then Water , it the whole 
ſpace without ABC D were full of Water, yer ſome part of the 
Body EFGH, as EFIK would be above the Water; and the 
waighr of ſo much water as would fill the ſpace I GH K would 
be equal to the waight of the whole Body EFG Hy and confe- 
quently G H wonld not tough the bottom D C. As for the fides of 
the veſlel, it ts no matter whether they be hard, or fluid ; for they 
ſerve onely toterminate the Water ; which may be done as well 
by water as by any other matter how hard ſoever ; and the water 
without the Veſſel is terminated ſomewhere , ſo as that it can 
read -no further.The part therefore E FI G will be extant above 
water AGCF which is contained in the veſſel. Wherefore 
the Body E FG Hwill alſo float upon the water AG C F,how lit- 
deſoever that water be; which was to be demonſtrated. 

9 Inthe gth Article of the 26th Chapter , there is brought for 
the proving of Vacuum, the experiment of water encloſed in a 
veſſel; which water , the Orifice above being opened , is cje&ed 
upwards by the impulſion of the aire. Ir is therefore demanded = 
(ſceing water is Heavier then aire) how that can be done. Let the 
2d. figure of the ſame 26th Chap. be conſidered, where the water 
5 with great force inje&ed by a Syringe into the ſpace F G B. In 
that injeQtion, the aire (but pure aire) goeth with the ſame force 
et of the veſlcl through the injeted water. But as for thofe ſmall 
Bodies which formerly I ſuppoſed tobe intermingled with aire, 
&to-be moved with ſimple motion;they can not together with the 
re air penetratethe water;but remayning behind are neceflarily 
traſt togethey into a-narrower place,namely into the ſpace which. 
28 above the water F G. The motions therefore of thoſe ſimall Bo- 
UE$ will be leſs and leſs free, by how much the quantity of _ = 
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jegedwater is greater gud greater;[a 
upon one another the Tame {mall B 


each other, and have a pe ndeayour of regayning 1 | 
berty, and of depreſſing the water chat higd then, Wherelor 
*as ſoon as the dfifice above'is opened, the water which is 1 "Fog 

y 


will have an endeavour toaſcend , and will therefore nec 
£o out. Bur it cannot go out, unleſs at the ſame time there enter in 
as much aire ; and therefore both the. water will goour , and the 
aire enter in , till thoſe ſmall Bodies which were left wicthinthe 
veſſel have recovered their former liberty of motion, that is. to 
ſay , till the veſſc l be again filled with aire, and no water be left of 
ſufficient height to top the paſſage at B, Wherefore I have ſhewn 
a poſſible cauſe of this Phenomerer ; namely, the ſame with that of 
Thunder, For as in the generation of Thunder , the ſmall Bodies 
encloſed within the Clouds by being toocloſely pent rogerher , .do 
by their motion break the Clouds, and&cRore themſelves to their 
natural liberty ; ſo here alſo the ſmall Bodies encloſed within the 
ſpace which 1s above the Rrajgne line F G, do by their own moti- 
on expel the water as ſoon as the e is opened above. Andif 
the paſſage be kept ſtopped, and theſe {mall Bddies be more vehe- 
mently compreſſed by the perpetual forcing in of more water,they 
will at laſt break the veſlel it {elf with noiſe, 

10 If Aire be blown into a hollow Cylinder, or into a Blad- 
der, it will encreaſe the waight of either of them a little, as many 
have found by experience,who with great accurateneſs have tri- 
cd the ſame. And it is no wonder, ſceing(as I have ſuppoſed)there 
are intermingled with the common aire a great number of. ſmall 
hard Bodies which are Heavier then the pure aire, For the #the- 
real ſubſtance, being on all ſides equally agitated by the motion of 
the Sunne , hath an equal endeavour towards all the parts of the 
(lniverſe ; and therefore it hath no Gravity at all. 

11 We find alfoby experiencegthat by the force of air encloſed 
in a hollow Canon , a bullet of lead may with conſiderable vio- 
lence be ſhot out of a Gunne of late invention, called the Wind- 
Gun.ln the end of this Canon there are two holes with their Valves 
on the irifide , 'to ſhut them cloſe; one of them ſerving tor the ad- 
miſſion of aire, and the other for the letting - it out, Alſo to "or 
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end which ſerves for the receiving in ofgaire, there is joyned 
anorhef Canvti of 'the Tartie mergt'and' bigneſs; in which"there 
is fitted a Rimmer, Which is perforated,” and hath' alſo a Valve 
- wei rowards the former Canon. By thehelp of this Valve the 
(amimer is cafily drawn'back , and lerterh in aire from without ;® 
and being often drawn'back and returned again with violent 
ſtrokes, it forcerh ſome parrt of that aire into the former Canon, ſo 
18nz; till ar laſt the reſiſtance”of the encloſed aire is: greater then 
the force of the ſtroke.'' And by-this means men think there 
iS now a greater quantity of aire in the Canon then there was for- 
merly,though it were full before. Alſo the aire thus forced in,how 
much ſoever it be, is hindered from getting out again by the fore- 
faid Valves, which the very endeavour of the aire to get our doth 
neceſſarily ſhut. Laſtly,that'Valve being opened which was made 
for the letting our of the ajre;' it preſently breakerh out with vio- 
lence, & driverh the bulleTbefore it with great force and velocity. 

As for the cauſe of this , I could cafily attribute it (as moſt men 
do) to Condenſation , and think that the aire , which had at the 
Aſt but irs ordinagy degree of _ , was afterwards by the for- 
Cing in of more aire condenſed , and laſt of all rarified again by 
bein ler out and reſtore1 to irs natural liberty. But I cannot ima- 
gine how the ſame place/can be alwayes full, and neverthelefs 
contain ſometimes a greater, ſometimes a-leſs quantity of marter; 
that is to ſay, rthatircan be fuller then full. Nox can I conceive, 
how Fulneſs can of it ſelf be an efficient cauſe of motion.For vorh 
theſe are impoſſible. Wherefore we muſt ſeck out ſome orher poſk- 
ble cauſe of this Phearomg#t7. W hilſt therefore the Valve web ſerves 
for the letting in of airg is opened by the firſt ſtroke of rhe Ram- 
mer, the aire wizhin doth with equal force reſiſt the entering of 
the aire from withoutzfo that the endeavours between the internal 
andexternal aire are oppoſite, that is , there are two oppoſite mo- 
zions, whileſt the one goeth in and the other cometh out; bur no 
anzmentation at all of aire within the Canon. For there 1s 
driven out by the ſtroke as much pure aire which paſfeth be- 
evyeer the Rammer and the ſides of the Canon, as there is for- 
aedin of aire impure by the ſame ſtroke. And thus by many 
ccible ſtrokes the quantity of ſmall hard Bodies will be _ 
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fed withinthe Canon), andtheit allo wit 
and ſironger as long.as the marrtrof the Canon.iSab 
their force z by which if it be not broken , ic will at leaſt be urges 
every way by their endeavour to free themſelves ; and as; ſoon as 
the Valye which, ſerves ro:let them'our. ivopened bey, will fly 
out with violent motion, and cdtry with them the by] _ $ 
in their way, VV hetcfore I have given poſſible cauſe:ob this Pherne- 
menon. Ki 
12 Water, contrary tothe cuſtome of Heavy Bodies ,, alcend- 

erh in the Wearher-glaſſe; bur it doth jt when the aire is cold; for 
when it is warme it deſcendeth againe. ; And this Organ 1s call 
a Thermometer , or Thermoſcope, becauſe the 'degrees of Hear and 
Cold are meaſured and marked by it, It is made in this. manner. 
Let ABCD (inthe 5th figure ) bea yeſlel full of water, and 
E F G a hollow Cylinder of glaſſe, cloledVr E,and open at G. Ler 
itbe heated,and (er upright within the water to F $ andec the or 
penend reach to G, This beinMone; as the aire by little and. 
tle grows colder , the water will aſcend lowly within che C | 
der from F towards E ; till at laſt the externall and internallairce 
coming to be both of the ſame temper, it will neither aſcend high, 
er , nor deſcend lower, till the, temper of theaire be changed, 
Suppoſe it therefore to be ſerled any where, as: at' H.,jIf now 
the; heat of the aire be augmented, the watex, will delernd be- 
low. H;/ and if the heat be diminiſhed: ,” it will aſcend above -: 
it, Which though ir be certainely known-to be true: by expe» - 
rience, the cauſe nevertheleſſe hath not as yet been diſcovered. | 

In the 6 and 7 articles of the 25th chapter ( whereT conſider 
the cauſe of Cold ) I haye ſhewne , that fluid Bodies are made 
colder by the preſſure of the aire, that is ro-ſay, by a-conſtang 
Vind that prefſerh them. For the ſame cauſe at is, that the Su- 
perficies of the water is prefied arF; and having no place to 
which it may retire from this preflure beſides the cavity of, the 
Cylinder between H and E, it is therefore neceſlarily.fqrced thi- 
ther by the Cold, and conſequently it afcendeth more or leſle, ac- 
cording as the Cold is moreor lefle encreaſed. And againe, as 
the Heat is more intenſe, or the-Cold more remiſle, the ſame wa- 
ter wi:l be depreſſed more or lefle by its own Gravity ,, that is to 
lay , by the cauſe of Grayity above explicated, "my 
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x3 4 por a hs Heavy,can by Leapi 
Sofa 6 Vine race themſelvsrea'certain degree of wi-4 
Bat they cannot'do this except they deſupported by ſome reſiſti 
Body; a$the Earth, the Water and the Aire, For theſe morions 
haye their beginning from the contraQion ( by the helpe of the 
Muſcles) of the Body animate. For eo this conitraGion there ſuc- 
ceederh a diftenfron of their whole Bodies z 'by which diftenſi- 
en, the Earth, the Water or the Aire which ſupporteth them, is 
refled ; and froth hence, by the reaion of choſe rn Bodies, 
rving Crearnres acquire an endeavour upwards, but ſuch, as by 
reaſon of the Gravity of their Bodies is preſently loſt againe. By 
this endeavour therefore itis, that Living creatures rayſe them- 
ſclues up a lictle way by Leaping , bur ro no grear purpoſe; bur by 
Swimmnyg & Flying they raiſc {elves to a greater height; be- 
canſebefore'the cffe@ of their endeavour is quite extinguiſhed by 
the Gravity of rheir bodtes, they can renew the ſame endeavour 


ec, 
Fbarby the wer of the Soule , without any antecedent con- 
tration of the Muſcles, or the helpe of ſomething to fupport him, 
any man can be able to raiſe his Body upwards , 1s a childiſh con- 


Ecipt. For if it were true, a man might raiſe himſelfe to whar 
height he pleaſed. 
14 The 'diaphi Medium which ſurrounds the Eie on all . 


fdes, is mmviſtble; Nor is Aire tobe ſcen in Aire, nor Water in 
Water, nor any thing but that which is more opacous. But in 
the confines of rwo diaphanous Bodies , one of them may be di- 
Ringuiſhed from the other. Ir is not therefore a thing ſo very ridi- 
cultous for ordinary —_— to- think all that Space empty, in 
which we ſay is Aire , it being the worke of Reafon to make us 
conceive that the Aire is any thing.. For by which of our Senſes 
Ss it, that we take notice of the Aire, ſceing we neither See , nor 
Hear, nor Taſt, nor Smell; nor Feel it tobe any thing > When we 
feel Heat,we do not impute it tothe Air,bur to the Fireznor do we 
fay the airc is Coid,but we our ſelves are Cold; and when we feel 
the Wind, we rather think ſomething is comming , then that any 
ahing is already come. Alſowe do not ar al feel the waighrof water 
wr water, much leſs of air in air. That we come to know that to be 
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Reaſon onely, namely,becaule it is impoſſible for remote Bodies to- 
work upon our Organs of Senfe but by the help of Bodies intef- 
mediate,without which we could have no ſenſe of them , till rhey 
came to be 9p. vw Wherefore, from the Senſes alone,without 
reaſoning from cftes, we cannot have ſufficient evidence of the 
nature of Bodies. 

For there is under-ground: in ſome Mines of Coles ,-a certain 
macrter of a middle nature between Vater and Aire, which ne- 
vertheleſs cannot by Senſe be — from aire; for it is as 
Dia | pn as the pureſt aire z and as farre as Senſe can judge, e- 
qually penetrable. But if we look upon the effe, ir-is like thar of 
watcr. For when that matter breaks our of the Earth into one of 
thole Pits , it fils the ſame eirherrotally,or toſome degree ; and if 
2 Man, or Fire be then ler down into it , it exringuiſhes them in a- 
moſt as little time as water would do. But for the better under- 
ſtanding of rhis Phenomenon, I ſhall defqribe the 6th figure. In 
which, let A B repreſent the pit of the Mine; and ler part thereof, 
namely ,.C B, be ſuppoſed tobe filled with that matter. If now's 
lighted Cidle be let down into it below Cit wil as ſuddenly be ex- 

inguiſhed,as if it were thruſt into water. Alfo if a grate filled with 
coles throughly kindled and burning never ſobrightly,be ler down; 
as ſoon as ever it is below C, he top will begin to grow pale, and 
ſhortly after (loſing its light) be extinguiſhed, no orherwife then it 
| It were quenched in water. But if the grate be drawn up again 
preſently, whileſt the coles are ſtill very hot , the fire will by httle 
and little be kindled again,and ſhine as before.There is indeed be- 
tween this matter & water this conſiderable difference;that ir nei- 
ther wetteth, nor ſtickerh to ſuch things as are put down into it, as 
water doth; which by the moiſture it Jeaverh, hindereth the kind- 
ling again of the matter once extinguithed. In like manner , if a 
Man be let down below C, he will preſently fall into a great difhi- 
culty of breathing , and immediacly after into aſwoun, and die, 
unleſs. he be ſuddeniy drawn up again, They therefore that go 
down into theſe pits , have this cuſtome , thar as ſoon as ever they 
feel themſelves iick,rhey ſhake the rope by which they were ler 
down, to fignific they are not well , and tothe end thar they may 
ipeedily be pulled up again, For if a man be drawn ont _ 
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void of fenſe and motion, they digzup a Turff, and put his- face 
and mouth into the freſh earth;by which means (unlets he be quite 
dead) he comes to him(ſelt again by little and little , and recovers 
life by the breathing out (as it were) of that ſuffocating matter 
which he had ſucked in whileſt he was in the pit z almoſt in the 
ſame manner as they that are drowned come to themſelves again 
by vomiting up the water. But this doth not happen. inall Mines, 
bur in ſome onely; and in thoſe not alwayes, bur ofren.In ſuch Pirs 
as are ſ{ubje& ro1t, they uſe this remedy. They dig another pit, as 
D-E, cloſe by it, of £qual depth , and joyning them bork togerker 
with one common channel E F, they make a Fire in the bottom E, 
which carries out at D the aire contained inthe pit D Ez, and this 
draws with it the aire contained in the channel E F; which in like 
manner is followed by the noxious matter contained in C B ; & by 
this means the pit is for that time made healrhful. Oue ot this H1- 
Kory (which write onely to ſuch as have had experience of the 
truth of it , without any deſigne to ſupport my Philoſophy with 
Stories of doubtful ns Ft may be collected the following poſſible 
caule of this Phe,omenon ; namely , that there'is a Certain matter, 
fluid,8 moſt tranſparent,and not much lighter then water; which 
breaking our of the Earth fills thePitto C ; and that in this mat- 
ter, as in water, both Fire and'Living creatures are extinguiſhed, 
15 About the nature of Heavy Bodies, the greateſt difculty a- 
riſcth from the contemplationof thoſe things which make other 
Heavy Bodies aſcend to them ; ſuch are Jet, Amber, and the Lua. 
ſtore. But that which troubles men moſt is the Loadſtonewhich is 
alſo called Lapis Herculews, a ſtone,though otherwiſe deſpicable,yer 
of ſo great power, that it taketh up Iron from the Earth,and holds 
it ſuſpended in the airc, as Hercules did A-tews, Nevertheleſs , we 
won ; at it ſomewhat the leſs,becauſe we ſee Jet draw up Straws, 


which are Heavy Bodies, though not ſo Heavy as Iron. Bur ay for 
Jer, ir muſt firſt be excited by rubbing, that is to ſay, by motion'to 
and fro, whereas the Loadfſtone hath ſufficient excitation from its 
own nature;that is to ſay, from ſome internal. principle of motion 
peculiar to it ſelf, Now whatſoever is moved . is moved by fome 
contiguous and moved Body,as hath been formerly demonſtrated. 
And from hence it follows evidently , that the firſt Noe 
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which Iron hath towards the Loadſtone, is cauſed by the motion 
of that aire which is contiguous tothe Tron, Alſo that this motion, 
is generated by the motion of rhe next aire,and fo on ſucceſſively, 
till by this ſucceſſion we find that the motion of all the interme- 
diate air rakerh irs bezinning from ſome motion which is in the 
Loadſtone it ſelf ; which motion (becauſe the Loadſtone ſeems ro 
be atreft) is inviſible. Ir is therefore certain , that the attractive 

owecr of the Loadſtone is nothing elſe bur ſome motis of the ſmal- 

eſt particles thereof. ' Suppoſing therefore that thoſe ſmall Bo- 
dies of which the Loadſtone is (in the bowels of the Earth) com- 
money mv by nature ſuch motion or endeavour as was above attri- 
uted to Jet,namely a reciprocal motis in a line too ſhort ro be ſeen, 
both thoſe ſtones wil have one & the ſame cauſe of attration. Now 
in what manner, and in what order of working this cauſe produ- 
ceth, the effe&t of attraCion, is the thing to be enquired, And firſt 
we know, that when the ſtring of a Lute or Viol is ſtricken, the 
Vibration, that is, the reciprocal motion of that ſtring in the ſame 
ſtraight Line, cauſeth like Vibration in another ſtring which has 
like.tenſion. VVe know alfo,that the dregs or {mall ſands which 
ſink to the bottom of a Veſlel,will be raiſed up from the bottom by 
any ſtrong and reciprocal agitation of the water ſtirred with the 
hand or with a ſtaff. Why therefore ſhould not reciprocal motion 
of the parts of the Loadſtone contribute as much rowards the mo- 
ving of Iron > For if in the Loadſtone there be ſuppoſed ſuch re- 
ciprocal motion, or motion of the parts forwards and backwards, 
it will follow, that tae like motion will be propagated by the aire 
to the Iron , and conſequently that there will be 1n all the parts of 
the [ron the ſame reciprocations or motions forwards and back- 
wards. And ſrom hence alſo it will tollow , that the intermediate 
aire berwcen the Stone and the Iron,will by little and lirtle be 
thruſt away; and the aire being thruſt away, the Bodies of the 
Loadſtone Wche Iron will neceſſarily come together, The poſli- 
ble cauſe therefore why the Loadſtone and Jet draw to them, the 
one [ron, the other Strawes, may be this, that thoſe attrating Bo- 
dies have reciprocal motion either in a ſtraight line,or in an Ellip- 
tical line, when there is nothing in the nature of the attracted Bo-- 

dies waich is repuznant to ſuch a motion, | 
| But: 
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But why the Loadſtone (if with the belp. of Cork it float at li-- 
berty upon the top of the water) ſhould from any poſition what(o- | 
ever ſo place ir ſelf in the plain of the Meridian, as that the ſame 
points which at one time of its being ar reſt reſpe& the Poles. of 
the Earth, ſhould art all other times reſpe& the ſame Poles, the 
' cauſe maybe this, Thar the reciprocal motion which I ſuppoſed 
F to be in the parts of the Stone, is made ina line parallel ro the Axis 
” ofthe Earth,and has beenin thoſe parts ever ſince the Stone was 
generated. Secing therefore the Stone whileſt ir remains in the 
Mine, and is carried about together with the Earth by its diurnal 
motion , doth by length of time ger a habit of being moved in a 
line which is perpendicular to the line of its reciprocal motion, ' 
it will afterwards , though its axis be removed from the parallel 
firuation it had with the axis of the Earth , retain irs endea- 
vour of returning to that ſituation again z and all endeavour being 
the beginning of motion,and nothing intervening that may hinder 
the ſame, the Loadſtone will therefore return to its former ſituati- 
on.For any pieceotf Iron that has for a long time reſted in the plain 
of the Meridian , whenſoever ir is forced from that fituation , and 
afterwards left to its own liberry again, will of it ſelf return to lic 
in the Meridian again; which return is cauſed by the endeavour it 
acquired from the diurnal motion of the Earth in the parallel cir- 
cles which are perpendicular to the Meridians. 

If Iron be rubbed by the Loadſtone drawn from one Pole to the 
other, two things will happen; one, that the Iron will acquire the 
ſame direQion with the Loadſtone, that is to ſay, that it will lie in 
the Meridian, and have its Axis and Poles in the ſame poſition 
with thoſe of the Stone; the other, that the like Poles of the Stone 
and of the Iron will avoid one another, and the unlike Poles ap- 
proach one another. And the cauſe of the former may be this,that 

| Iron being touched by motion which is not reciprocal , but drawn 
the ſame way from Pole to Pole, there will be ingprinted in the 
Iron alſo an endeavour from the ſame Pole to the ſame Pole. For 
{ccing the Loadſtone differs from Iron no otherwiſe then as Ore 
from Metal, there will be no repugnance at all in the Iron to re- 
ceive the ſame motion which is in the Stone, From whence it fol- 


lows, that ſeeing they are both affected alike by the diurnal moti- 
on 
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of the Earth, they wiltboth equally reweweocheir & ruacion i 
th eee Ate nts jGchoſume/Alſo efron. 


the Meridian 

ter this may be the cauſeztharas theLoadſtonem ns bro Irs 
as fa aQtion imprint mrheTron-an endeavour 

che Poles, ſuppoſe rowardsthe North Pole; Joxeciprocelly,thel- 
ron by its a&ion upon the'Loadftone-doth imprint initenendee- 
vour towards the other Pole,namely-rowards the 'Seuth 'Pole.'Fr 
happens therefore in theſe 'reciprocatiens or -motions forwertls 
and backwards of the particles of the Srone and of the Trot be- 
rwwixt the North &-rhe ,thar whileft in one of them the moi- 
on is from North ro Seuth, ant the return from'South to North,in 
the other the motion wil be from South to North,& the rewen'f#s5 
North to South; which motions © tooneanother,and 
communicated to the Air, the North-Pole of the Iron; (whileft the 
attraction is working) will be deprcfiedowardsrthe SonthsPole of 
the Loadſtone;or commrarily the NoretiPole of che LoadRone will 
be depreſſed rowards the Sourh Pole of the Iron, andithe Axes 
both of the Loadſtone and of the Ironwill be ſituate in the fame 
ſtraight line. The truth whereof is taught us by experience. 

+ As forthe [29g gen of this Magnetical vertue, not onely 
through the Aire, but through any other Bodies how hard ſoever, 
it is not to be wondred at, ſeeing no motion can be ſo weak,but thar 
it may be propagated infinitely c.rough a ſpace filled with Body 
of any hardneſs whatſoever. For in a tull Medium, there can be 
no motion which doth not make the next part yeild , and that the 
next,and ſo ſucceſſively without endyſo that there is no cffe& what- 
ſoever but to the produQtion thereof —_— is neceſlarily 
contributed by che ſeveral motions of all the ſeveral things that ars 
inthe World. 

And thus much concerning the nature of Body in general ; with 
which I conclude this my firſt Seftion of the Elements of Philo- 
ſophy. In the firſt, ſecond and third Parts, where the Principlesof 
Ratiocination conſiſt in our own Underſtanding, that is to Oo , in 
the legitimate uſe of ſuch VV#rds as we our ſelves conſtitute, all 
the Theoremes ( it I be not deceived) are rightly demonſtrated, 
The fourth Part depends upon Hypotheſes ; which unleſs we know 
them to be true it is impoſſible for = to demonſtrate that ——_ 
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Cauſes winch I have here etphcated, are.che.trac Cayſes of rhe | 
things whoſe produQtions I haye derived:fromi them. 


Nevertheleſs, ſeeing TI have aſſumed no H ypotheſss , which is not 


' both poſſible and eaſie to be comprehended; and ſeeing allo that] 


have reaſoned aright from thoſe Aſlumprions,I have withall ſuffi- 


.ciently.demonſtrated that they may bethe true Cauſes; web is the 
. p*theſes ſhall demonſtrate the ſame,or greater things, there wil be 
greater praiſe and thanks due to him then I demand for my ſelt, 
. Provided his Hypotheſes be ſuch as are conceivable. For as for thoſe 
- thatiay any thing-may be moved or produced by zt, Self, by Species, 
; by zts oz Paper, by Subſtantial Forms , Ces by / 

| ten, by Anteperiſtaſis, by Antipathy, Syngathy, Occult Quality, and 9 


'Phyſical Contemplarion., If any other man from other Hy- 


y Incorporeal Subſtances ,, Yy In- 


ther empty words of Schoolmen, their laying ſo is to no purpoſe, 
And now I proceed to the Phenomena of Mans Body ; Wherel 


 ſhall-ſpeak of the Opticks, and of the D:ſpoſitions, Aﬀetions, aud Maz- 
- 265 of Men (if it ſhall-pleaſe God to giveme life), and ſhe their. 
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